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1.0 INTRODUCTION

This Health and Safety Plan attached as Appendix D of Exhibit A
to the Consent Decree for the Environmental Conservation and
Chemical Corporation (ECC) contains the procedures that are
necessary to protect on-site personnel and the general public
during the remediation at the ECC site (Zionsville, Indiana).

The objective of this Plan is to provide safety procedures to be
followed during the implementation of the remedial action plan to

establish emergenc response procedures for extraordinary
conditions that may ‘cur. Guidelines for these procedures are
based on an analysis = site specific potential hazards and the
appropriate protective measures to mitigate these hazards. If

hazards arise which are not covered in this Plan, the Plan will
be ammended. The health and safety procedures presented in this
plan are in accordance with the appropriate requirements of the
U.S. Department of Labor, Occupational Safety and Heal®h
Administration (OSHA), and the U.S. Environmental Protection
Agency (USEPA).

Operations during Remedial Action will comply with OSHA 29 CFR
1910.120 and with the applicable subparts of OSHA 29 CFR 1926
(Construction Industry Standards) and OSHA 29 CFR 1910 (General
Industry Standards). All drilling operations will comply with
standard procedures for safe operation and movement of a drill
rig.
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2.0 GENERAL INFORMATION

The following section provides project personnel with the names
and responsibilities of designated safety personnel, emergency
telephone numbers, and the address of ahd evacuation route to the
nearest hospital.

2.1 Project safety Officer

The Project Safety Officer (PSO) is responsible for the ¢ ‘ly
supervision of all safety, decontamination, and environmental

monitoring activities.

Besides assuring that all project personnel comply with the
provisions of this Health and Safety Plan during the site
investigations, the PS) also has the authority to stop work in
the event of an emerg:rncy, to start work following any stoppage,
and to approve any : >difications to the Health and Safety Plan

requirements warranted by field conditions.
2.2 Emergency Agencies
The following emergency telephone numbers will be recorded in all

field log books and will be posted at the field office and
decontamination facilities:
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AGENCY TELEPHONE NUMBER
Emergency
Government XXX-XXXX
Ambulance Service 873-5967
Fire Department 873-5967
Police Department 482-1412
St5 Vincent Hospital 871-2345
Boone County Health Department 482-3942
Poison Control Center (800) 442-4571

The evacuation route to St. Vincent Hospital, shown on Figure 2-
1, will be posted at the field office and decontamination
facilities. The hospital, local fire department and local police
departments will be contacted under the direction of the PSO

prior to initiating the site investigations.
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2.3 Key Project Personnel
The following personnel will have the primary responsibility of

ensuring conformance to the Health and Safety Plan:

TITLE NAME 'AFFILIATION PHONE NUMBER

Project Manager XXXXXXXXX Contractor XXX-XXX-XXXX
Project Safety
Officer XXXXXXXXXX Contractor XXX-XXX-XXXX

Back-Up Project
Safety Officer XXXXXXXXXX Contractor XXX-XXX-XXXX
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3.0 NATURE OF POTENTIAL HAZARDS
3.1 Chemical Hazards

Previous site investigations have indicated the presence of
chlorinated and non-chlorinated volatile organic compounds in the
ground water below the ECC site. These compounds include, but
are not limited to, trichloroethane, trichloroethylene,

perchloroethylene, chloroform and methylene chloride.

Since most of the contaminants detected on-site have relatively
high vapor pressures, the primary exposure pathway during £ '1d
activities will be via the inhalation of organic vapors. 2 ,
all intrusive field activities (e.g., trenching, soil bori ..s,
monitor well installs" <n, soil sampling, ground water sampling,
etc.) will have a pot :ntial dermal contact exposure pathway. The
ingestion of contaminants is not 1likely if normal precautions

concerning personal hygiene are followed.

Table 3-1 summarizes the primary contaminants detected during
previous site investigations and their corresponding threshold
limit wvalues for inhalation (TLVs). These threshold limits are
based on standards reported by the American Conference of
Governmental Industrial Hygienists (ACGIH). The table also
contains a summary of dermal toxicity data, obtained from USEPA’s
"Standard Operating Safety Guidelines," and health hazard data as
found in the National Institute for Occupational Safety and
Health, "Pocket Guide to Chemical Hazards."



TABLE 3-1

SUMMARY OF EXPOSURE LIMITS AND TOXICITY DATA

Dermal Contact Pathway

Skin Penetration Local Toxicity* Systemic Toxicity®
Primary Substances Inhalation Pathway (S)light (S)light Hazard (S)light Hazard
Detected in Previous Threshold Limit Value (M)oderate (M)oderate Hazard (MYoderate Hazard
Site Investigations 8 Hir. Exposure (ppm) (H)igh {E)xtreme Hazard (E)xtreme Wazard
Chloroform 10 M M S
Methylene Chloride 50 M M M
Perchloroethylene 50 M M S
Trichloroethylene ] 50 M M S
1-1-1 Trichloroethane 350 M M S

*Dermal Toxicity Key

Local Toxicity:

slight - Reddening
Moderate - Irritation/Inflemmation
Extreme - Tissue Destruction

Systemic Toxocity:

Slight - Lbgq
Moderate - LDsq

500-15,000 mg/kg
50-500 mg/kg
1-50 mg/kg

Extreme - L050
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TABLE 3-1 (cont'd)

SUMKARY OF EXPOSURE LIMITS AND TOXICITY DATA

Primary Substances

Detected in Previous IDLH/PEL- Chemical Target
Site Investigations 8-HR. TUA Symptoms Properties Organs
Methylene Chloride Carcinogen/ Fatigue, sleepiness, FP: ? skin, eyes, central Eye:
’ 100 ppm (itehead, eye/nose/throat LEL: 12% nervous system, skin:
irritant, nausea, vertigo IP: 11.35eV cardiovascular system Breath:
ditziness, incoordination, Swallow:

worsens angina

Chloroform Carcinogen/ dizziness, mental dullness, liver, kidneys, skin, Eye:
10 ppm nausea, headache, fatigue, heart, eyes Skin:

anesthitic, hepatomogaly, IP: 8.82evV Breath:

eye, skin irritation . Shallow:

nervousness, muscle fatigue,
insomnia, paresthesia,
dermatitis, photophobia

1-1-1 Trichloroethsne 1,000 ppm, central nervous system, FP: None skin, central nervous Eye:
350 ppm depressant, skin and eye LEL: 7% system, cardiovascular Skin:
irritation, drowWwsiness, system . Breath:
poor equilibrium, Swallow:
headache
Trichloroethylene Carcinogen/ headache, vertigo, visual fFP: None respiratory system, Eye:
100 ppm distrubance, tremors, LEL: 11% heart, liver, kidneys, Skin:
somnolence, nauseas, IP: 9.47eV central nervous Breath:
vomiting, eye irritant, system, skin Swallow:

dermatitis, cardiac
arrhythmias, paresthesia

perchloroethylene Carcinogen/ eye irritant Not Eye:
300 ppm Combustible Skin:
IP:8.56eV Breath:

Swallow:

FP: Fltash Point
LEL: Lower Explosive Limit in air, X by volume
I1P: lonfzation Potential

First Aid

irrigate immediately
soap wash promptly
artificial respiration
immediate medical attn

irrigate immediately
soap wash promptly
artificial respiration
immediate medical attn

irrigate immediately

soap wash promptly
artifical respiration

immediate medical attn

irrigate immediately
soap wash promptly
artificial respiration
immediate medical attn

irrigate immediately
soap wash promptly
artificial respiration
immediate medical attn
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Of the primary substances detected in previous site
investigations, the lowest threshold limit value for an eight-
hour exposure is 10 ppm. Therefore, if air monitoring during the
site investigation indicates an organic vapor concentration
hetween background 1level and 5 ppm above background, Level C
respiratory protection (air purifying respirators) will be
required. If average organic vapor concentrations exceed 5 ppm
above background level, the exclusion zone will be evacuated, and
all personnel will rendezvous in the support zone. A decision
will be made as to how to proceed following discussion with the
PSO. The available data show a moderate 1level of dermal
toxicity;_therefore, chemical resistant gloves (e.g., neoprene or
nitryl) will be required for any task in which dermal contact
with contaminated materials is possible.

In addition to the inhalation and dermal pathways, other exposure
pathways are potential hazards to on-site personnel. Altr . jh
they are less hazardous than the inhalation and dermal contact
routes, precautions should be taken to avoid the followinc
potential exposure pathways:

o Ingestion of contaminated ground water.

o Ingestion of contaminated surface soils.

o Eye contact with any contaminated materials.
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To mitigate these potential hazards, a thorough program of
personnel decontamination and hygiene will be maintained during
the site investigatiéns. Also, splash protection (e.g., goggles,
neoprene boots, and chemical resistant gloves) will be utilizad
during the sampling or handling of any contaminated liquids.
Details on personal protective equipment and procedures are
provided in Section 8 of the Health and Safety Plan. Specific
steps for decontamination of equipment are included in Section 7
of the Health and Safety Plan.

3.2 Physical Hazards

The primary physical hazards associated with the site are heat
stress and cold weather exposure. Other potential physical
hazards to on-site personnel include falling, tripping, slipping,
or excessive noise.

Heat stress may be of concern depending on the ambient
temperature and type of protective clothing required during the
site investigation. Impermeable protective clothing, such as
chemical resistant Tyvek coveralls, will reduce the body’s
ability to dissipate heat, thus increasing the chance of heat
related problems.

Heat exhaustion is a response to heat characterized by fatigue,
weakness, and collapse due to intake of water inadequate to
compensate for loss of fluids through sweating. Heat stroke is a
response to heat characterized by extremely high body temperature
and disturbance of the sweating mechanism. Heat stroke is an
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immediate, life-threatening emergency for which medical care is
urgently needed.

One or more of the following control measures will be used to
control heat stress:

o Employees will be informed of the symptoms of
heat stress and heat exhaustion.

o] An adequate supply of <cold water or a
commercial saltwater solution mix, such as
Gatorade, will be provided to all employees.

o) Employees involved in work tasks requiring
the use of impermeable clothing will be

required to take periodic breaks. The
frequency of breaks is dependent on the
temperature.

o All breaks will be taken in a shaded rest

area where employees will be required to
remove impermeable protective garments during

rest periods.

o All employees will be informed of the
importance of adequate rest, replacement of
lost body fluids, and proper diet to prevent
heat stress.
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If the project extends into the winter months, cold weather

exposure could become an occupational stress that needs to bLe

addressed. Several factors influence the development of a cold
weather related injury: (1) ambient temperature, (2) wind
velocity, and (3) the presence of moisture. The following

precautions will be used to avoid potential frost-bite injuries
or hypothermia during the site investigations:

o Cold weather exposure hazards will be
discussed during the safety training program
covered prior to initiation of the field

activities.

o Thermal socks, thermal underwear, hard hat
liners, or other cold weather gear will be

provided to employees.

o Periodic breaks will be required during cold
weather field activities, with warm drinks

provided.

o] Employees who become wet from perspiration or
precipitation will be instructed to return to
the hotel for a change of clothes.
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There is a small risk associated with injuries resulting from
falls, tripping over tools or equipment, slipping on wet
surfaces, or exposure to noise in excess of acceptable limits.
Field personnel will be made cognizant of the fact that
protective apparel and equipment may limit visibility, hearing,
and manual dexterity. This will increase the physical hazards of
certain field activities. Specific precautions to prevent
injuries related to physical hazards are covered in the general

work procedures presented in Section 4 of the Health and Safety
Plan.
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4.0 GENERAL WORK PROCEDURES

This section presents an overview of the health and safety issues
associated with the general work procedures for the
of the ECC.

4.1 Supervision and Audits of Safety Procedures

All field work completed under the alternative remedial action
plan will be audited by the Project Safety Officer (PSO) to
ensure compliance with the Health and Safety Plan. The PSO will
specify the level of protective clothing for field personnel
involved in the site investigation activities, as outlined in
Section 8 of this plan. The PSO will also be responsible for all
air monitoring required to determine which level of respiratory
protection is needed for specific field activities.

In the event of an accident, exposure to contamination, or other
emergency, the PSO will stop work and determine the appropriate
response actions. Field personnel will be instructed to
immediately leave the area, and to remain in their protective
gear. Injured personnel will be removed from the immediate
hazard. Normal evacuation routes will be established by the PSO
prior to initiating the field activities.
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4.2 Site Control and Work Zones

$Site control and the delineation of specific work 2zones are
necessary to reduce the possibility of exposure to site
contamination without proper personal protective gear and to
prevent removal of contaminants by personnel or equipment leaving
contaminated areas of the site. The possibility of exposure or
trans-location of site contaminants will be reduced by
establishing three contiguous zones as follows:

Zone 1l: Exclusion Zone

The exclusion zone will encompass all potentially
contaminated areas within the site. The exclusion zone
will encompass all potentially contaminated areas
within the established remedial boundaries (Figure 2-3-
Exhibit A). The 1location of the exclusive zone will
be established at the commencement of field activities
and modified as necessary during the Remedial Action.

However, as site investigation activities progress, the
exclusion zone may be modified by the PSO due to such
factors as site topodgraphy, high vapors or particulate..
in the air, and soil and water sample analytical
results from the investigation. All personnel entering
the exclusion zone must wear the level of protection
specified by the PSO. An entry and exit checkpoint
will be established at the periphery of the exclusion
zone to regulate the flow of personnel and equipment
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into and out of the zone and to verify that procedures
established to enter and exit are followed. During
drilling operations, the exclusion zone will include,
as a minimum, a 35-foot radius around the drill rig.
The exclusion 2zone will be established at the

commencement of field activities.

Zone 2: Contamination Reduction Zone

A contamination reduction zone will be established
adjacent to the exclusion zone checkpoint to provide a
transition between contaminated and clean areas.
Protective gear worn by personnel will be cleaned and
removed in Zone 2, prior to entering a clean area. All
decontamination facilities for personnel and equipment
will be located within this zone.

Zone 3: Support Zone

A support zone will be established in a non-
contaminated or clean area at the periphery of the
site. Support facilities (e.g., office, equipment
storage, sample storage, etc.) will be located in this
zone. Since normal work clothes are appropriate within
the support zone, protective gear that has not been
decontaminated will not be allowed in Zone 3.
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The PSO will be responsible for delineating and controlling
access to work zones at the site. Stakes and caution tape or
flagging will be placed between the zones. Additionally, the
level of protection required in the exclusion zone may be
modified by the PSO.

4.3 General Work Rules for Field Activities

The following is a list of general safety rules to be followed by
all personnel involved in field activities at the ECC site:

o Contaminated protective equipment (e.qg.,
respirators, boots, gloves, etc.) shall not
be removed from the exclusion zone until it
has been cleaned or properly packaged and
labeled.

o Legible precautionary labels shall be affixed
to containers holding waste, debris, or
disposable protective clothing.

o Eating, drinking, or smoking will not be
allowed within the exclusion or contamination
reduction zones.

o Transportation and disposal of contaminated
residuals from site activities shall comply
with all applicable local, state, and federal
regulations. These items will be addressed
by the transporter and disposal facility.



Environmental Conservat..:. .1
Chemical Corporation s.te
Health and Safety Plan
Revision: 0

March 1, 1989

Page 4-5

Emergency equipment shall be placed in
readily accessible locations within the

support zone.

Employees will be required to wash their
hands and face before eating, drinking, or
smoking.

Decontamination facilities and areas used to
store contaminated residues will be designed
with containment berms and will be lined with
an impermeable material.

Portable eye-wash units will be placed not
more than 100 feet from the hazard. Other
emergency equipment will be located in the
support zone or the equusion zone dependent
on the type of hazard and operation.

Field personnel shall avoid excessive contact
with potentially contaminated substances
(e.g., avoid walking through puddles,
kneeling on the ground, 1leaning against
drums, etc.).

Field monitoring equipment shall not be
placed on potentially contaminated surfaces.
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Field personnel will be trained to recogni:ze
the signs and adverse effects of exposure to
hazardous substances present on site.

Field personnel will employ the '"buddy
system" when working in the exclusion and

decontamination zones.
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5.0 SAFETY TRAINING

All personnel will be required to: 1) have completed a 40-hour
training course as stated in 29 CFR 1910.120, 2) participate in
8-hour annual retraining courses as specified in 29 CFR 1910.120,
and 3) must attend a site safety training program. The content
of this program, which will include instructions concerning
possible hazards, is outlined below:

1. Introduction to the hazardous materials
previously identified at the site

a. Definition of hazardous materials
b. Classification of hazardous
materials

c. Potential for ignitability,
corrosivity, reactivity, and/or
toxicity

2. Toxicology impacts of possible contaminants

a. Expected exposure levels

b. Routes of probable exposure

o Respiratory tract

o Dermal penetration
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Expected toxic effects

ACGIH threshold limit levels

Carcinogens

Safety planning and principles to be used on

the job site

d.

Emergency medical care and
treatment

General safety practices
Emergeny telephone numbers

On-site communications

Respiratory protection level used on site

a.

General principle

Potential hazards

Protective measures provided by air
monitoring

Response (evacuation) requirements
in presence of abnormally high
volatile organics in ambient air
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Protective clothing requirements

a. Level of protection

b. Articles of protective clothing

c. Purpose of each article of
protective clothing

d. Proper use of protective clothing

Decontamination
a. Concern regarding proper
decontamination

b. Extent of decontamination required

c. Personnel decontamination under

normal conditions

d. Personnel decontamination during
medical emergencies

e. Decontamination of equipment

£. Disposal of contaminated materials
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Field personnel will be required to sign a certificate at the
conclusion of the training program stating that they understand
and will abide by the provisions found in this Plan.
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6.0 ENVIRONMENTAL MONITORING PROGRAM

Based on results from previous site investigations conducted by
CH2M Hill the primary contaminants present at the site are
volatile organic compounds. Therefore, environmental monitoring
during field activities will be 1limited to measurements of
organic vapor concentrations of the ambient air in the immediate
vicinity and downwind of sampling or work areas. An HNu model
PI-101 photoionization meter with a 11.7 eV lamp will be used to
conduct this ambient air monitoring. Frequent calibration of the
HNu meter will be made to ensure that readings are accurate.

Ambient air monitoring will be conducted prior to and during all

field activities that involve

Results will be recorded in the PSO’s field log book and will be
used to specify the level of the respiratory protection required
for each specific field activity.

Organic vapor readings will also be obtained at the selected
perimeter locations that are downwind of the field activitie <.
assess the effect of these activities on the surrounding area.
The results of these readings will also be recorded in the PSO’s
field log book. Portable wind direction/speed indicators will be
used to determine wind direction on site.
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7.0 DECONTAMINATION PROCEDURES

Decontamination of equipment and personnel will be performed to
extend the useful life of safety equipment, to prevent cross
contamination of samples, and to prevent worker exposure to
hazardous substances. All decontamination activities will be
carried out within the contamination reduction 2zone, and any
residuals generated (i.e., decontamination water, disposable
gloves, disposable Tyvek suits, etc.) will be placed in secure
containers for disposal in accordance with local, state, and
federal regulations.

7.1 Equipment Decontamination

Equipment and sampling tools will be decontaminated by steam
cleaning to remove any encrusted materials or residual
contamination. Sampling tools (e.g., split spoon samplers, hand
augers, soil gas probes, etc.) will be determined as follows:

1. Steam clean or detergent (TSP or Alconox)
wash.

2. Rinse with methanol or acetone.

3. Triple rinse with distilled water.

A decontamination pad will be established by constructing a sand
berm around a small excavated area and placing a thick-walled
plastic liner over the entire bermed area. This area will be

pitched to one end to allow the drainage and accumulation of
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decontamination washwaters that will be subsequently removed with
a wet vacuum or positive displacement pump and placed in 55-
gallon drums. All steam cleaning, washing, and rinsing
procedures will be conducted within this decontamination pad.

7.2 Personnel Decontamination

Personnel decontamination will consist of soap and water washings
to remove contaminants from reusable protective gear (i.e.,
neoprene boots, chemical resistant gloves, full-faced
respirators) and doffing of the gear. Disposable protective
apparel will be doffed in such a manner to prevent the spread of
contaminant to other clothing (i.e., remove gloves by turning
them inside out). The general sequence of decontamination and
doffing of protective apparel is described below. The extent of
washing required or modifications to the sequence will be
specified by the PSO.

The detailed procedure for personnel decontamination will depend
on the level of respiratory and dermal protection required for
the specific work task. The following procedure is based on
Level C respiratory protection (air purifying respirators) and
full splash protection:

1. Wash and rinse over boots.

2. Wash and rinse chemical resistant outer

gloves.

3. Remove chemical resistant outer gloves.
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4. Remove chemical resistant overboots.

S. Remove hard hat and full-faced respirator.

6. Wash and rinse full-faced respirator.

7. Doff disposable chemical resistant coveralls

and place in plastic bag.

8. Doff disposable inner glove and place in

plastic bag.

9. Wash hands and face.

Several of the foregoing steps will not be required if lesser
cdegrees of respiratory or dermal protection are worn by field
personnel. The PSO has the authority to change the number and
crder of decontamination steps listed above.
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8.0 PERSONNEL PROTECTIVE EQUIPMENT

The type of protective equipment required is dependent on the
nature and location of the work being performed. All activities
in the support zone will be performed under Level D protection,
as described in the USEPA "Standard Operating Safety Guidelines."

All personnel on-site and all visitors to the site will be
required to sign a personnel log sheet each day they are at the
site. This sheet is included as Figure 8~1. The PSO will ensure
that the personnel log sheet is properly completed.

8.1 'Respiratory Protection

If the HNu meter indicates an average reading above background
levels and less than 5 Vppm above background, during the field
investigation, Level C respiratory protection will be required.
Level C protection includes full-faced air purifying respirators
equipped with combination cartridges for removing organic vapors,
cdusts, mists, and fumes. All workers will abide by the
requirements of their employer’s respiratory protection program
prepared in accordance with 29 CFR 1910.134. The following
guidelines will be followed when using Level C respiratory
protection:

o Air purifying cartridges will be replaced at
the end of each shift or when a break through

occurs.
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o} Only employees who have had a pre-issue
qualitative fit test will be allowed to work
under Level C respiratory protection.

o only employees who have passed a medical
examination, including a pulmonary function
test will be allowed to wuse Level C
respiratory protection.

o Excessive facial hair (e.g. beards) that
prohibits a proper seal between the
respirator and face will not be allowed.

Level C respiratory protection will be required for any sampling
of waste residuals in tanks or containers, regardless of the HNu
readings.

8.2 Dermal Protection/Protective Clothing

The following protective clothing and equipment shall be worn by
any personnel -entering the exclusion 2zone or contamination
reduction zone:

o Hard hat

o Disposable Tyvek coveralls

o Disposable PVC gloves
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o Neoprene boots with steel toe and shank and
overboots
Any work involving an intrusive activity (e.g., soil sampling,

monitor well installation, etc.) or any activity involving the
handling of contaminated 1liquids will require the following

protective clothing:
o Hard hat

o Safety goggles (unless full-faced respirators

are required)

o Disposable Tyvek coveralls

o Disposable PVC inner gloves

o Chemical resistant outer gloves

o Neoprene boots with steel toe and shank and
overboots

o Sleeves taped to gloves and cuffs taped to

boots during handling of contaminated liquids

Upgrading or downgrading protective equipment will be the
decision of the PSO, and will be based on an assessment of the

exposure potential.
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9.0 EMERGENCY PROCEDURES

The Health and Safety Plan has been established to allow site
operations to be conducted without adverse effects on work or
health and safety. In addition, emergency response procedures
have been developed to cover extraordinary conditions that may
occur at the site. A large scale map of the work site showing
the 1locations of the work zones, site features (buildings,
drainages, etc.), and any unusual topographic features will be
submitted.

9.1 Worker Injury

If an employee working in a contaminated area is physically
injured, general first-aid procedures will be followed. The
following emergency equipment will be 1located onsite: Self-
Contained Breathing Apparatus (SCBAs), first aid kit, fire
extinguisher, eye-wash unit, and emergency air horns. If workers
will be located in a secluded area, 2-way radio equipment will be
used for communication between workers and support personnel.
Depending on the severity of the injury, emergency medical
attention may be sought. If the employee can be mocved, he or she
will be taken to the support zone. Decontamination procedures,
additional first aid, or preparation for transportation will be
performed in this zone.
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If the injury to the worker is chemical in nature, the following
first-aid procedures will be instituted:

o Eye Exposure - If contaminated materials
enter a worker’s eyes, they will be flushed
with water for 15 minutes and medical
attention will be sought immediately.

o Skin Exposure - If skin irritation results
from dermal contact with contaminated
materials, the affected area will be washed
with a mild socap or detergent and rinsed with
"water for at least five minutes. Medical
attention will be sought if irritation in the
effected area persists.

9.2 Fires

If a localized fire breaks out, dry chemical fire extinguishers
will be used to bring the fire under control. If necessary and
feasible, soil or other inert material will be placed on the
burning area to extinguish the fire. If appropriate, local fire
fighting authorities will be contacted for notification and/or

assistance.

If an uncontrolled fire develops, that may release potentially
toxic gases, all persons in the immediate vicinity will be
evacuated. The local fire department will be contacted

immediately and notified of the fire and materials involved.



Enviornmental Conservation and
Chemical Corporation Site
Health and Safety Plan
Revision: 0

March 1, 1989

Page: 9-3

Evacuation of 1local residents, 1if required, will be the
responsibility of local law enforcement.

9.3 Spills

In the event of a significant spill at the site, the affected
area will be isolated from local traffic patterns by the PSO.
Spilled solids will be removed and loaded into 55-gallon drums
for subsequent disposal. Liquid spills will be solidified with
absorbent material and loaded into 55-gallon drums for subsequent
disposal. Transportation and disposal of any spill clean-up
residual will be in accordance with all local, state, and federal

requirements.
9.4 Evacuation Plan
If a site emergency necessitates evacuating field personnel, the

PSO will notify the field team leader and the appropriate sign:i’
(three blasts on an emergency air horn) for site evacuation wi’

be given. All available vehicles located outside the exclusic
zone will be used in evacuation. All personnel will exit tr
site and meet at a nearby rendezvous point. The PSO will be

responsible for ensuring that all personnel have been evacuated.
The route to and location of this point will be given to all
field personnel and will be posted at the site. The evacuation
route within the site will depend on which direction affords the
most direct route away from the hazard necessitating the
evacuation.
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The visitor log will be used to ensure that all individuals are

accounted for. The local police or emergency coordinators will
be notified of the emergency and the suspected impact on the
local community. . Local evacuation, if required, will be the

responsibility of law enforcement. Contacts with local officials
will be maintained until the situation is abated.
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1.0 PROJECT DESCRIPTION

1.1 Introduction

The Environmental Conservation and Chemical Corporation (ECC)
Remedial Action activities will include:

o Soil wvapor extraction, concentration and
destruction.

o Soil cover.

o Access restrictions.

o ~Ground water monitoring and surface water
monitoring.

1.2 Site Description

The ECC site is located in Boone County, approximately 10 miles
northwest of Indianapolis, on US Highway 41 in 2Zionsville,
Indiana (Figure 1-1). The site occupies 6.5 acres west of the
Northside Sanitary Landfill (NSL), an operating solid waste
disposal facility. The ECC site is bounded on the south and east
by NSL landfill property. An unnamed ditch separates the two
facilities along the east boundary.
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ECC began operations at the site in 1977 and was engaged in the
recovery, reclamation, and brokering of primary solvents, oils
and other wastes. Waste products were received in drums and bulk
tankers and prepared for subsequent reclamation or disposal.
Reclamation processes included distillation, evaporation and

fractionation to reclaim solvents and oil.

USEPA investigations into accumulation of contaminated storm
water on-site, improper drum inventory, and several spill
incidents lead to civil law suits, and finally placement of ECC
into receivership in July, 1981. Drum shipments to the site were
halted in February, 1982. Surface clean-up activities conducted
by USEPA contractors during 1983 and 1984 included removal of
cooling pond waters, waste drums, tank waste, contaminated soil,

and cooling pond sludge.

A Remedial Investigation/Feasibility Study was conducted by CH2M-
Hill for the USEPA and the Record of Decision (ROD) for the site
was published on September 25, 1987.

1.3 Remedial Action Plan

Details of the remedial action for the ECC site are presented in
this Exhibit A to the Consent Decree for the ECC site and are

summarized below.

The Remedial Action Plan (RAP) addresses, in a technically
feasible and cost-effective manner, all environmental concerns

regarding the site, namely:
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o Direct contact with soils containing volatile
organics (VOCs), base neutral/acid organics,
and heavy metals;

o Contamination of ground water by
precipitation percolating through soils
containing VOCs, base neutral/acid organics,
and heavy metals;

o Contamination of surface waters by overland
migration of water in contact with soil
containing VOCs, base neutral/acid organics,

and heavy metals;

o Ingestion of ground water containing VOCs,
base neutral/acid organics, and heavy metals;

and

o Contamination of surface waters by discharge
of ground water <containing VOCs, base
neutral/acid organics and heavy metals.

Additionally, the RAP complies with the Superfund Amendments and
Reauthorization Act (SARA) of 1986 by treating the contaminants
at ECC so that they do not present any current or currently
foreseeable future risk to health or the environment.
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The RAP which is described in detail in the following sections
includes the components listed below:

o Soil vapor extraction, concentration, and
destruction;

o Installation of a RCRA-compliant cover;

o Establish access restrictions; and

o] Ground water and surface water monitoring.

The intent of this RAP is to provide for the implementation of a
comprehensive remedy that will .remediate the site and will
constitute "clean closure" by removing and destroying wastes at
the site so as to preclude any risk to human health and the
environment through any media (air, so0il, surface water, or
ground water). The soil vapor extraction system to be
implemented under this Document will result in a cleanup 1level
for constituents of concern in the site soils so as to obviate
the need for ground water interception/collection systems at the
site. Specifically, the soil vapor extraction system has been
designed and will be operated to achieve Cleanup Standards (as
specified in Table 3-1 of Exhibit A) in the soil as well as in
the ground and surface water at the site that will protect human

health and the environment.

Design of the vapor extraction system in the area beneath the
concrete slab and placement of the RCRA-compliant cover over the
site in advance of the vapor extraction process will prevent the
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infiltration of water beneath the concrete slab and migration
through the subbase of the concrete slab.

Surface water and ground water sampling will be conducted during
and after the operation of vapor extraction systems to verify the
effectiveness of the RAP.

The components of the RAP as presented herein are compatible with
the proposed remedy for the adjacent Northside Sanitary Landfill
(NSL) site. As the remedial design is finalized for the NSL
site, the respective RAPs for ECC and NSL be reviewed to ensure
compatibility of design and construction schedules for each

system.
1.4 Sample Network and Rationale

The locations of the monitoring wells and surface water
monitoring points are shown on Figure 1-2. The monitoring well
locations were selected based on data obtained during the
Remedial Investigation which indicate that ground water flow from
the ECC site is in the southern direction.

1.5 Project Schedule

The anticipated schedule for completion of the Remedial Action at
the ECC site is presented in Figure 1-3.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITY
The primary contractor to the ECC Settling Defendants, will have
overall responsibility for all phases of the ECC Remedial Action
activities.

2.1 Management
Operational responsibilities including execution and direct

management of the technical and the administrative aspects of

this project will be assigned as follows:

Settling Defendants’ Coordinator

Remedial Project Manager
Settling Defendants’ Contractor

Remedial Project Manager
USEPA, Region V
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2.2 Field Activity

The Settling Defendants’ chosen contractor will supervise all
Remedial Action field activities.

2.3 Laboratory Analysis

A laboratory which participates in USEPA’s Contract Laboratory
Program (CLP), will perform all chemical analyses required as
part of the Remedial Action activities.

2.4 OQuality Assurance

Overall Quality Assurance (QA) responsibility will be held by the
Quality Assurance Officer (QAO) of the Settling Defendants’
chosen contractor. All subcontractors will provide appropriate
project management, and the Settling Defendants’ contractor will
furnish administrative oversight and Quality Assurance/Quality
Control (QA/QC) for all deliverables. The Quality Assurance
Office of the USEPA, Region V will provide review of the QAPP.

2.5 Performance and System Audits

Performance and system audits for field operations will be
performed by the Settling Defendants’ contractor QAO. The
Contract Project Management Section of the Central Regional
laboratory of USEPA Region V will be responsible for performance
and system audits of the analytical laboratory.
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3.0 QUALITY ASSURANCE OBJECTIVES

The overall quality assurance objective is to develop and
implement procedures for sampling, laboratory analyses, field
measurement, and reporting that will provide data to a degree of
quality consistent with its intended use and defensible in a
court of law. This section defines the goals for levels of QC
effort and the accuracy, precision, sensitivity, completeness,
representativeness, and comparability of laboratory analyses.

3.1 Level of QC Effort

Quality Control samples, including collocated or replicate
samples, and field and trip blanks, will be submitted to the
analytical laboratory to assess the quality of the data resulting
from field sampling activities. Collocated samples provide
intra-laboratory precision information for the entire measurement
system. Trip blanks which will be kept with samples throughout
the sampling event, will be analyzed to check for procedural
contamination of samples that occur during shipping. Field
blanks will be used to determine if decontamination procedures

have been sufficient.

Guidelines for collocated or field replicate samples for the
Remedial Action activities will be one collocated or replicate
sample for each group of 10 or fewer investigative samples. One
field blank will be collected for each group of 10 or fewer
investigative samples. Trip blanks, one per shipping container,
will only be provided for water samples. This specific level of
QC effort is summarized in Table 3-1. The analytical laboratory
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selected for sample analyses will be a participant in the USEPA
Contract Laboratory Program (CLP) for organic and inorganic
testing. The level of QC effort provided by the laboratory will
be equivalent to the level of QC effort specified under the 7/87
Statement of Work (SOW) for Inorganics and the 7/87 SOW for
Organics.

The level of QC effort for field measurement of ambient air with
an HNu photoionization meter will «consist of initial and
continuing calibration verification using a standard reference

gas.
3.2 Accuracy, Precision, and Sensitivity of Analyses

The QA objectives of analyses with respect to accuracy,
precision, and sensitivity are to achieve acceptable data based
on specified performance criteria. Accuracy and precision
requirements and method detection 1limits for CLP protocol
analyses are described in the 7/87 SOW for Inorganics and the
7/87 SOW for Organics for the CLP Program.

Analytical accuracy will be assessed through the collection of
organic samples for matrix spike/matrix spike duplicate and
surrogate spike analyses. A matrix effect is a phenomenon that
occurs when other sample'components interfere with the analysis
of the contaminants of interest. Percentage recovery information
obtained from matrix spikes will be used to address the amount of
bias present in the measurement system (accuracy). In addition,
surrogate spike recovery will be evaluated by determining whether
the concentrations (measured as percent recovery) falls inside
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the contract required recovery 1limits. This surrogate spike
recovery information will be used to indicate the systematic
error in the analytical method. If recovery of any one surrogate
compound falls outside of the contract surrogate spike recovery
limits, the laboratory must take appropriate actions in
accordance with the 8/87 SOW for the CLP program to ensure
accuracy of the analytical method. For metals analysis,
interference check samples must be run to ensure accuracy in the
analytical method.

The accuracy of the HNu photoionization meter will be assured by
daily calibration verification with check standards. If readings
vary more than 5% from an expected value, the unit will be

replaced.

3.2.1 Data Completeness, Representativeness, and
Comparability

It is expected that the CLP organic and inorganic parameters in
Table 7-1 analyzed consistent with the CLP procedures will
provide data meeting the QC acceptance criteria for 95% of all
samples analyzed. Upon request, the completeness of an analyses
will be documented by the laboratory with items such as
chromatograms, spectra, and QC data to allow the data user to
assess the quality of the results.
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The sampling and analyses program is designed to provide dafa
representative of site conditions for conducting and evaluating
the effectiveness of the RAP. During the development of this
program, special consideration was given to existing analytical
rasults from previous site investigations, and the physical
setting of the site to ensure the representativeness of the data
generated by the Remedial Action activities.

Data comparability will be assured by the use of duplicate and
blank samples for field QC and by the specific laboratory QA/QC
activities required by the CLP protocol.

3.2.2 Documentation

The documentation system will comply with the requirement of CLP
protocol.

3.2.3 Quality Control Requirements

The sampling activities will include the following procedures for
the purpose of Quality Control:

o Collection of field duplicates, including
collocated and replicate samples.

o Collection of field blanks.
o Inclusion of trip blanks in sample shipments.

The specific level of QC effort is summarized in Table 3-1.
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INVESTIGATIVE AND QUALIT

LE 3-1

Y ASSURANCE SAMPLING EFFORT

QA Samples

Investigative Samples Replicate Field Blank Matrix
Sample Matrix Laboratory Parameters Duration Freq. Total No. Freq. Total No. Freqg. Total Total
(week)
Extracted Vapor Organics in Table 7-1 1 1/day 7 1 1 1 1 1 1 9
2-5 1/wk 4 1 1 1 1 1 1 6
6-* 1/mo -- -- -- -- -~ -- - - .-
Water Collected Volatile Organics in Lld * % -- -- -- -- - - -- -- -
from Soil Table 7-1
Vapor Base Neutral Organic
Extraction and Acid Extractable
Organics in Table 7-1
PCBs
Metals in Table 7-1
Cyanide
Ground Water Volatile Organics in 1 4Lfyr 56 2 4 8 2 4 8 72
(on-site and Table 7-1 (year)
off-site wells) T.C.L. Base Neutral 2-*%¥* 2/yr -- .- -- .- -~ -- -- --
Organic and Acid
Extractable Organics
in Table 7-1
PCBs
Metals in Table 7-1
Cyanide
Surface Water Volatile Organics in 1 4Ll yr 8 1 4 4 1 3 4 16
Table 7-1
T.C.L. Base Neutral 2-*%w 2/yr -- -- -- - - -- -- -- --

" w

LB 1

organic and Ac

id

Extractable Organics

in Table 7-1
PCBs
Metals
Cyanide

in Table

7-1

Monitoring to be conducted during operation of the soil

Monitoring program will be
Monitoring to be terminated

implemented according to the
in accordance with Section

vapor extraction system.
the off-site
A.

requirements of
2.1.4 of Exhibit

handling/treatment facility.
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4.0 SAMPLING PLAN

The Field Sampling Plan (FSP), presented as Part I of this
Sampling and Analysis Plan, contains all appropriate information
pertinent to field sampling procedures. A summary of the

sampling schedule is presented in Table 4-1.



TABLE 4-1
REMEDIAL ACTION TASKS SAMPLING SCHEDULE

Activity Sample Matrix Sampte Frequency Laboratory Analyses
soil vapor extraction, Extracted Vapor Daily during first week; Volatile Organics in
Concentration and weekly for 4 following Table 7-1

destruction weeks, monthly thereafter

during operation of the soil
vapor extraction system

Water Collected Monitoring Program will be Volatile Organics in
implemented according to the Table 7-1
off-site handling/treatment Base Neutral Organics
facility requirements and Acid Extractable

Organics in Table 7-1
Metals in Table 7-1

Cyanide
Soil Cover No sampling required
Access restrictions No sampling required
Ground water monitoring Ground Water Quarterly for 1 year; semi- Volatile Organics in
(on-site and off-site Surface Water annually thereafter until Table 7-1
wells) and surface water terminated in accordance with Base Neutral Organics
monitoring Section 2.1.4 of Exhibit A. and Acid Extractable
Organics in Table 7-1
PCBs

Metals in Table 7-1
Cyanide
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£.0 SAMPLE CUSTODY PROCEDURES

Sample custody procedures will be consistent with Attachment 4 of
the USEPA Region V Guidance, "Content Requirements for Quality
Assurance Project Plan."

A sample will be considered under the person’s custody if: (1) it
is in a person’s physical possession; (2) it is in view of the
person after he/she has taken possession; (3) it has been secured
by that person so that no one can tamper with the sample, or (4)
it has been secured by that person in an area that is restricted
to authorized personnel.

The sample packaging and shipment procedures summarized below
will ensure that the samples will arrive at the laboratory with
the chain-of-custody intact.

Field procedures are as follows:

o The field sampler will be personally
responsible for the care and custody of the
samples until they are transferred or
properly dispatched. As few people as
possible will handle the samples.

o All samples will be tagged with sample
numbers and locations.
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° Sample tags will be completed for each sample
using waterproof ink unless prohibited by
weather conditions.

Transfer of custody and shipment procedures will be as follows:

o Samples will accompanied by a properly
completed chain-of-custody form. The sample
numbers and locations will be listed on the
chain-of-custody form. When transferring the
possession of samples, the individuals
relinquishing and receiving will sign, date
and note the time on the records. This
record documents the transfer of custody of
samples from the sampler to another person,
to a permanent laboratory, or to/from a
secure storage area.

o Samples will be properly packaged for
shipment and dispatched to the appropriate
laboratory for analysis, with a separate
signed custody record enclosed in each sample
box or cooler. Shipping containers will be
secured with strapping tape and custody seals
for shipment to the laboratory.
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o A sample analysis request form will accompany
each shipment of samples to the analytical
laboratory. A description of the requested
analysis and the specific laboratory analysis
code will be included on this form.

o A standardized sample tracking form will also
be completed to establish sample custody
prior to shipment to the 1laboratory and to
document specific sample preservation

methods.

Copies of all sample custody forms will be maintained in the
project files along with copies of all field measurement data and
sample-specific information recorded in the field log book and on
field data forms.

The specifications for chain-of-custody and document control for
the laboratories will comply with the CLP requirements and be
carried out in accordance with the 7/87 SOW for Inorganics and
7/87 SOW for Organics for CLP analyses.

The chosen 1laboratories will provide all sample containers
necessary for field sampling and QC requirements. Each lot of
sample containers will be checked for cleanliness by the
laboratory and sealed to prevent contamination. Samples will be
received at the 1laboratory by the sample custodian, who will
examine each sample to ensure that no damage occurred during
shipment and that the chain-of-custody record is complete and
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accurate. The sample custodian will also ensure that each sample
has been preserved in a manner required by the particular test
and stored according to the correct procedure. Samples will be
preserved by storage in a cooler maintained at 4°C until the
analyses begin.

The Settling Defendants’ contractor will maintain the Remedial
Action files along with all relevant records, reports, logs,
field notebooks, pictures, subcontractor reports, and data
reviews in a secured, limited access area and under the custody
of the site manager.
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6.0 CALIBRATION PROCEDURES AND FREQUENCY

This section presents the calibration procedures and information
for all major measurement systems including field and analytical
laboratory testing.

6.1 Field Instruments

A maintenance and calibration program will be implemented to
ensure that routine calibration and maintenance are performed on
all field instruments. The program will be administered by the
field team 1leader who will perform routine preventative
maintenance on a weekly basis and calibration of field
instruments on a daily basis. The HNu photoionization meter will
be calibrated using 100 ppm isobutylene (a standard reference

gas) .

Field personnel will be familiar with the calibration, operation,
and maintenance of all field instruments and will maintain their
proficiency. If field equipment should fail, the field team
leader will be contacted immediately and will either provide
replacement equipment or have the malfunction repaired

immediately.
6.2 Laboratory Equipment

The laboratories will perform calibration and preventative
maintenance procedures for laboratory equipment in accordance
with the 7/87 SOW for Inorganics and the 7/87 SOW for Organics
for the CLP Progranm. |
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7.0 ANALYTICAL PROCEDURES

Water samples collected will be analyzed for organic and
inorganic parameters in Table 7-1 consistent with CLP procedures.
The CLP analyses will be conducted by the laboratory using
methods specified in the 7/87 SOW for Inorganics and the 7/87 SOW
for Organics for CLP laboratories. If high-level dilution of
samples is required such that certain constituents may be diluted
below their respective method detection 1limits, the laboratory
will be consulted to explore methods of detecting all
constituents. All chosen methods will be in accordance with
those specified in the 7/87 SOW for Inorganics and the 7/87 SOW
for Organics for CLP laboratories.



TABLE 7-1
CLP TARGET COMPOUND LIST (TCL) AND

CONTRACT REQUIRED QUANTITATION LIMITS (CROL)(1'2)

Quantitation Lilits(s)
Water Low Soil/Sedi-ent“)

1. Volatiles CAS Number ug/l ug/kg

1. Methylene Chloride 75-09-2 5 5

2. Acetone 67-64-1 10 10

3. 1,1-Dichloroethene 75-35-4 5 5

4. 1,1-Dichloroethane 75-34-3 5 5

S. Chloroform 67-66-3 5 5

6. 2-Butanone 78-93-3 10 10

7. 1,1,1-Ttrichloroethane 71-55-6 5 5

8. 1,1,2-Trichtoroethane 79-00-5 5 5

9. 4-Methyl-2-pentanone 108-10-1 10 10

10. Tetrachloroethene 127-18-4 5 5

11. Toluene 108-88-3 5 5

12. Chlorobenzene 108-90-7 5 5

13. Ethyl Benzene 100-41-4 5 5

14. Xylenes (Total) 1330-20-7 5 5

(1) 7/87 soW for CLP Program.

(2) Specific quantitation limits are highly matrix dependent. The quantitation timits listed
herein are provided for guidance and may not always be achievable.

(3) Quantitation limits listed for soil/sediment are based on wet weight. The quantitation
timits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
required by the contract, will be higher.

(4) Medium Soil/Sediment Contract Required Quantitation Limits (CRAL) for Volatile TCL

Compounds are 125 times the individual Low Soil/Sediment CRQL.



TABLE 7-1
CLP TARGET COMPOUND LIST (TCL) AND

CONTRACT REQUIRED QUANTITATION LIMITS (CRQL)“'Z)

Quantitation Linits(s)
Water Low SoilISedi-ent“’

I1. Semi-Volatiles CAS Number ug/l ug/kq

15. Phenol 108-95-2 10 330

16. 1sophorone 78-59-1 10 330

17. Neapthalene 91-20-3 10 330

18. 4-Chloroaniline 106-47-8 10 330

19. Diethyl phthalate 84-66-2 10 330

20. Di-n-butyl phthalate 84-74-2 10 330

21. bis(2-Ethythexyl)phthalate 117-81-7 10 330

(1) AQuantitation limits listed for soil/sediment are based on wet weight. The quantitation
limits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
required by the contract, will be higher.

(2) Medium Soil/Sediment Contract Required Quantitation Limits (CRAL) for Semi-Volatile TCL

Compounds are 60 times the individual Low Soil/Sediment CRQL.



CLP TARGET COMPOUND LIST (TCL) AND
CONTRACT REQUIRED QUANTITATION LIMITS (crar)¢1+2)

Quantitation Li.its(s)
Water Low SoilISedi-ent("

I1II. PCB CAS Number ug/l ug/kg
22. Aroclor-1016 12674-11-2 0.5 80.0
23. Aroclor-1221 11104-28-2 0.5 80.0
24. Aroclor-1232 11161-16-5 0.5 80.0
25. Aroclor-1242 53469-21-9 0.5 80.0
26. Aroclor-1248 12672-29-6 0.5 80.0
27. Aroclor-1254 11097-69-1 1.0 160.0
27. Aroclor-1260 11096-82-5 1.0 16G.0

(1) auantitation limits listed for soil/sedimient are based on wet weight. The quantitation
limits calculated by the laboratory for soil/sediment, calculated on dry weight basis as
requried by the contract, will be higher.

(2) Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for Pesticide/PCB TCL
compounds are 15 times the individual Low Soil/Sediment CRQL.
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TABLE 7-1

Quantitation Limit (1,2}

T.A.L. Inorganics ug/l
Antimony 60
Arsenic 10
Barium 200
Beryllium 5
Cadmium 5
Chromium 10
Lead 5
Manganese 15
Mercury 0.2
Nickel 40
Silver 10
Vanadium 50
2inc 20
Cyanide 10
Tin

Elements determined by inductively coupled
spectroscopy.

Quantitation limits for water.

plasma emission or Atomic Absorption

(AA)
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8.0 INTERNAL QUALITY CONTROL CHECKS

8.1 Analytical Laboratories
Quality Control at the Settling Defendants’ chosen laboratories
will be carried out in accordance with the 7/87 SOW for
Inorganics and the 7/87 SOW for Organics for CLP laboratories.

8.2 Field Quality Control

Field Quality Control will be carried out by an experienced

geologist or engineer during all field activities. The on-site
supervisor will be present during all sampling activities and
subcontracted activities. All field QC procedures, as discussed

in Section 3.1, will be carried out according to the QAPP and

documented in the field notebook.



ECC Site Remedial Action Plan
Quality Assurance Project Plan
Revision: 0

March, 1989

Page 9-1

9.0 DATA REDUCTION, VALIDATION AND REPORTING

Procedures for documenting sample collection and custody,
validating analytical data, and reporting the results of each
phase of the Remedial Action activities are covered in this

section.
9.1 Documentation

Information pertaining to sample collection, sample custody,
analyses to be performed, field measurements, and other field

observations will be documented and stored.

Field measurements and sample collection data will be recorded on
specific field data forms and in a field log book. Sample
custody and requests for analytical tests to be performed will be
documented on sample tracking forms, chain-of-custody records,

and sample analysis request forms.

Data received from the analytical laboratories will be validated,
organized under specific project headings, and stored in the
project files maintained at the Settling Defendants’ contractor

offices.
9.2 Data Validation

The Settling Defendants’ chosen laboratories will perform in-
house analytical data reduction and validation under the
direction of the respective 1laboratory QA officers. The
laboratory review will include checks for the attainment of QC



ECC Site Remedial Action Plan
Quality Assurance Project Plan
Revision: 0

March, 1989

Page 9-2

criteria as outlined in CLP procedures and established USEPA
methods. The wvalidity of analytical data will also be assessed
by comparing the analytical results of replicate and blank

samples.

Additionally, the laboratories will critique their own analytical
programs by using spiked addition recoveries, established
detection limits, precision and accuracy control charts and by
keeping accurate records of the calibration instruments.

The Settling Defendants’ chosen contractor will review all sample
collection procedures and laboratory data validations to ensure
that QA/QC has been maintained. The data validation analysis
will be conducted in accordance with USEPA guidance documentation
such as "Laboratory Data Validation Function of Guidelines"
(July, 1988 for Inorganics and February, 1988 for Organics).

9.3 Reporting

Results from the data validation and QA/QC analysis will be
summarized in technical memoranda for submittal to the USEPA and
Indiana Department of Environmental Management (IDEM). All data,
qualified or wunqualified, will be presented in technical
memoranda as tables or supporting appendices for the memoranda.
Interpretative or summary data sets will be provided in addition
to the complete data set. All 1laboratory reports and
verification calculations for QA/QC will be prepared in
accordance with the 7/87 SOW for Inorganics and the 7/87 SOW for
Crganics and will be retained for USEPA audit and review. All
site investigation data will be analyzed, and a summary
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interpretation will be developed for the type and extent of
contamination from the site.

9.4 Data Package/Data Deliverables

The Settling Defendants’ chosen laboratories will provide the
standard CLP data package required under the appropriate SOWs.
This information will be presented in a CLP format including a
case narrative, surrogate spike recoveries, all recoveries,
matrix spike/spike duplicate recoveries, summary of method
blanks, GC run time chronology and order, sample results and all

raw data for method blanks.
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10.0 PERFORMANCE AND SYSTEM AUDITS

The Settling Defendants’ contractor project Quality Assurance
officer will monitor and audit the performance of QA/QC
procedures to ensure that Remedial Action activities are executed

in accordance with this QAPP.

10.1 Laboratory

All laboratory external and system audits will be carried out by
the Region V Central Regional Laboratory (CRL).

10.2 Field Activities

QA audits of field measurements procedures, sample collection,
sample custody procedures, and monitoring well installation will
be conducted on a periodic basis to document that field
activities are performed in accordance with the Field Sampling
Plan. These audits will be scheduled to allow oversight of as
many field activities as possible and will be performed by the
contractor field team leader.
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11.0 PREVENTATIVE MAINTENANCE
11.1 Laboratory Equipment

All equipment at the laboratories will be maintained in
accordance with 7/87 SOW for Inorganics and the 7/87 SOW for

Organics for CLP laboratories.

11.2 Field Equipment

Preventative maintenance procedures for the HNu photoionization
meter, pH meter, and conductivity meter will be carried out in

accordance with the operating manual for the instrument.
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12.0 SPECIFIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION,
ACCURACY AND COMPLETENESS

The Settling Defendants’ chosen CLP laboratories will comply with
the 7/87 SOW for Inorganics and the 7/87 SOW for Organics for CLP
laboratories to assess data precision, accuracy and completeness.
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13.0 CORRECTIVE ACTION
13.1 Analytical Laboratories

Corrective actions for the Settling Defendants’ chosen CLP
laboratories will be carried out in accordance with procedures
outlined in the 7/87 SOW for Inorganics and the 7/87 SOW for
Organics for CLP laboratories.

13.2 Field Work

Corrective action indicated by audit results or detection of
unacceptable data will be determined by the Settling Defendants’
Project Manager in consultation with the ECC Settling Defendants,
USEPA, and IDEM. Corrective action may include, but is not

limited to:

o Reanalyzing samples if holding time criteria

are not exceeded.

o Resampling and analyzing site areas in
question.
o Evaluating and amending sampling and

analytical procedures.

o Accepting data with an acknowledged level of

uncertainty.
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o Eliminating outliers identified by the
validation task.

The proposed corrective action will be implemented only after
full agreement to the type of action required by the Regulatory
2gencies and the ECC Settling Defendants is achieved.
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14.0 QUALITY ASSURANCE REPORTS

Quality Assurance reports will be issued by the Settling
Defendants’ chosen contractor as part of the Remedial Action
Technical Memoranda. These reports will include the results of
0A audits and any necessary corrective action procedures. In
addition, the data validation and data sufficiency task will be
incorporated into the technical memoranda.
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SAFETY PRECAUTIONS

Before attempting to unpack, set up or operalte this instrument, please
read this entire manual. Pay particular attention to all warnings, cautions
and notes. Failure to do so could result in serious injury to the operator
or damage to the equipment.

USE OF WARNINGS, CAUTIONS AND NOTES

Warnings, cautions and notes used in this manual have the following
significance:

WARNING
Failure to observe this information can result in personal injury or loss
of life.

CAUTION

Failure to observe this information can result in damage to equipment.

Note
Information that requires special emphasis

A
.

HACH

METER SPECIFICATIONS—MODEL 43800-00
RANGE
pH -1.99 10 19.99 pH
millivolts 0to + 1999 mV
temperature -5 to 105°C

RELATIVE ACCURACY
pH + 001 pH
millivolts + 0.10% of reading + 0.2 mV
temperature £ 0.5° C
RESOLUTION
pH 00! pH '
millivolts 0.1 mV (0 to + 999.9 mVY)
1 oV (+ 1000 mV 10 £ 1999 mV)

temperature  0.1° C
INPUT IMPEDANCE
102 ohms
TEMPERATURE STORAGE RANGE
-40° C to 60° C (Electrode stored dry)
OPERATING TEMPERATURE RANGE
0to 50° C
TEMPERATURE COMPENSATION RANGE

Mcasurcments in pH Mode -5°C to 105°C .
Automatic Buffer Recognition Calibration Mode 0°C 10 60°C

OPERATING HUMIDITY .
0 10 90% relative humidity, noncondensing

POWER SAVE FEATURE
The instrument powers dawn if a key has not been pressed
within six minutes.

ELECTRODE

Model 44200-51 Hach One pH Electrode with Ag/AgCl
Reference and Témperature Sensor; with BNC conncctor

POWER REQUIREMENTS
6 Voit J Battery

BATTERY LIFE .
More than 40 hours under continuous use

SIZE .
23L x 9W x Temil (9 x 3-1/2 x 2-1/27)
SHIPPING WEIGHT
1.8 kg (4 lbs)

(Subject 10 change without potice )

[V
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ELECTRODE SPECIFICATIONS—MODEL 44200-51 QUICK START |NSTRUCT|ONS‘
RATﬁf H units . The manual has complete instructions on preparing for use, calibration
P and measurement. Below is an outline of these instructions. Additional
ISOPOTENTIAL POINT ] information may be found on the pages in parentheses.
7+ 02pH
ELECTRODE RESISTANCE
Less than 100 megohms at 25° C (new) INSTALLATION
TEMPERATURE RANGE L. Install battery. (12)

Continuous Use 0 to 45° C (32 10 113°F)
Intermittent Use 0 to 100° C (32 10 212°F)

2
Storage ~40 10 60° C (40 10 140°F) 3.
4

REFERENCE ELEMENT
Silver/Silver Chloride

ELECTRODE DIAMETER

Install cartridge. (13)
Connect clectrode. (15)

Turn the Priming Knob counterclockwise five complete turns.

10.5 mm (0.41") ] SAMPLE MEASUREMENT (26)

ELECTRODE LENGTH '

4 cm (5.5")

CABLE LENGTH
91.5 cm ( 36")

(Subject 1o change without notice.)

Open the pH 4.01 Hach Powder Pillow Buffer (red) with the clip-
pers provided. Dissolve the contents in 50 mL. deionized water using
the included beaker. To stir the solution use the electrode. Rinse
the clectrode with deionized waler after use.

Open the pH 7.00 Hach Powder Pillow Buffer (ycllow) with tie clip-
pers provided. Dissolve the contents in SO mL deionized water us-
ing the other beaker. To stir the solution use the clectrode. Rinse
the clectrode with deionized water after use.

(The buffers may be poured into a drain with running water when
no longer needed.)

Press: n The display will light. If wrong keys are pressed, cic.,
at any time during a scquence of steps, press n to turn off the
meter and start over with this step.

(The meter will go blank if a key is not presscd during a six-minute
interval.)

(A detailed key description is found on pages 18 to 23.)

Press: m

Press: n“,’,‘i.? The Auto indicator will light. Calibration in the
automatic buffer recognition mode has been started.

Place the electrode into the pH 4.01 Hach Powder Pillow Buffer ant
press the Dispenser Button until it clicks.



HACH

7. Press: ﬂ and wait until the pH indicator stops flashing. The ac-

tual pH will appear in ihe display. If the sclution temperature deviates
from 25°C, the display will show the actual pH and not the labeled
pH value, :

8. Rinse the electrode, and repeat Steps 6 to 7 with the pH 7.00 Hach

Powder Pillow Buffer.

9. Press: m The meter is now measuring pH.

10. Rinse the electrode with deionized water and place into the unknown
" sample. Press the Dispenser Button until it clicks. The display will
show the sample pH.

DIAGNOSTIC MESSAGES

FAa &y mMom

m m M

-~ oV W Ry

A more complete description of the error codes is found on page 50.

The probe voltage reading is out of range in the pH mode.

The deviation from the ideal pH slope of -59.2 mV/pH unit is greater
than 30%.

The probe mV offset is greater than 120 mV or less than -120 mV.

The pH reading has not been recognized as one of the 4.01, 7.00 or 1000
pH standards in the automatic buffer recognition mode.

Both calibration solutions have the same nominal pH value.

The voltage is less that -50 mV or greater than +50 mV while the millivolt
mode is being zeroed.

The temperature is out of autocalibration range, 0 10 60 °C.

The millivolt reading is out of range, less than -1999 mV or greater than
+1999 mV.

Prompting indicators are described on page 48.

A troubleshooting guide is found on page 52.

10

-----

PART 1. PREPARATION FOR USE
UNPACKING

Remove the instrument and accessories from the shipping container and
inspect each item for any damage that may have occurred during ship-
ping. Verify that the following items are present:

Model 43800-00 Portable Hach One pH Meter

Model 44200-51 Combination pH Electrode with built-in
Temperature Sensor

Beaker, 100 mL (2)

Baltery, 6 volt, J type

Buffer Powder Pillows, pH 4.01 (red) and pH 700 (ycllow)

Hach One Reference Electrode Solution Cartridge

Instruction Manual

Clipper, Large

Carrying Case

In addition to the accessorics listed above, several items of optional equip-
ment and apparatus are available from Hach; see Replacement Parts and
Accessories, Part 5.

If any items are missing or damaged, please write or call the Hach Factory
Service Center, Ames, Iowa, for instructions. Do not return the instru-
ment without prior authorization. The toll-free number is 800-247-3990.

If you are located in Canada, Latin America, the Caribbean, the Far East
or the Pacific Basin, plcase contact Hach Company, World Headquarters,
PO. Box 389, Loveland, Colorado 80539 U.S.A. Telephone (303)
669-3050, TWX (Telcx) 910-930-9038. Customers located in Europe, the
Middle East or Near East, or in Africa, please contact Hach Europe,
S.A./N.V., B.P. 51, B 5000 Namur 1, Belgium. Telephone (081) 44.53.81,
Telex 846-59027.

11



ASSEMBLY

Complete the following steps (Batiery, Cartridge and Electrode Installa-
tion) to assemble the Hach One pH Meter.

BATTERY INSTALLATION

The 6-volt J battery supplied with the instryment must be installed. To

install, remove from the plastic package and remove the battery cover
. from the bottom of the instrument. '

Align the battery as shown in Figure 1. §lide the terminal end in first
towards the contacts.

Equivalent replacement batteries are:
Duracell #7K67
Varta #4018T
Evercady #539

/ ; ~——————  Battery Cover

t i Battery

NI\
i Y

Figure 1. Batlery Installation -~

WARNING

Battery may explode if recharged or disposed of in firc.

12

CARTRIDGE INSTALLATION

Press the PLUNGER RELEASE BUTTONS, Figure 2A, on the
sides of the meter and slide the plunger all the way to the PRIM-
ING KNOB end of the meter; see Figure 2B. The plunger must be
completely recessed in order (o slide the cartridge in.

Note
Visually check the cartridge to see if crystals are present in the solu-
tion before instailing a new cartridge in the meter in the following
manner: hold the cartridge up to the light with tip down to view
the clear plastic areas of the cartridge and invert several times.
Crystals, if present, will be seen easily and interfere with later opera-
tion. Dissolve crystals by immersing the cartridge in warm water
and shake the cartridge periodically unti} all crystals redissolve.

Flgure 2. Cartridge instaiiation

13
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2. Turn ihe meier upside down and s'li ¢ the tip of the soluti
tridge througt} the large opening in the meter base and then through
the oval opening. See Figure 2C. Slide the flat end of the cartridge

ﬁqnly ipto the semicircular slot in the meter; note the horizontal
orientation of the tabs.

Flgure 2C

3. Press the PLUNGER RELEASE buttons and slide the plunger

toward the solution cartridge until it stops against the solution car-
tridge seal.

Figure 2D illustrates the Hach One Portable pH/mV meter assembled
with the cartridge.

N inll
[ ) d
\

Lo~

Figure 20
14

ELECTRODE INSTALLATION

L

Twist and pull the cap from the soiuiion cariridge iip and the plug
from the end of the electrode tubing connector. Install the electrode
tubing connector on the cartridge tip by pressing with a slight rotating
motion. The cartridge tip cap can be stored on the clectrode wbing
connector plug.

Remove the cap and cotion wad from the pH clectrode tip. Examine
the glass bulb to be sure it is filled with solution. The electrode
will not function properly if an air bubble is in the buib area.
Remove air by shaking down the electrode in the same manner
as you would a clinical thermotmeter. Replace the cap when the
clectrode is not being used.

Hold the meter so the cartridge tip points upward. Rotate the PRIM-
ING KNOB counterclockwise until electrode solution emerges from
the clectrode tip. Five complele turns are necessary to purge all the
air bubbles from the electrode tubing. Failing to purge the system
of air may result in erratic or inaccurate measurements.

Immerse the glass bulb in the electrode tip in a beaker of deionized
watcr and dispense a small amount of electrode solution by tuming
the PRIMING KNOB counterclockwise. The clectrode should be
held off of the bottom in order to observe the dense electrode solu-
tion sinking from the clectrode tip. (Throughout this manual the
term, deionized, refers to distilled, demincralized or deionized
watcer.)

Connect the electrode BNC connector to the BNC receplacle on
the Hach Onc pH Meter. Connect the temperature probe plug to
the temperature probe jack.

Calibrate the pH meter as described Part 2, pH Calibration. Dur-
ing calibration and operation, a small amount of clectrode solution
should be dispensed each time the electrode is placed in a new sam-
ple. Depress the DISPENSER BUTTON until it clicks. This delivers
6 uL of clectrode solution, a sufficient amount for most samples.
Dispensing more clectrode solution usually is unnecessary.
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ELECTRODE STORAGE AND DISASSEMBLY

The Hach One Electrode can be stored dry in air without harm to the
glass membrane. The glass will rehydrate quickly when immersed in water

and an immediate response is obtained in concentrated solutions like
calibration buffers.

Follow these steps to disassemble afier use:

. Remove the clectrode from the sample and rinse with deionized
water.

2. Cover the electrode tip with the colloh wad and black electrode cap.
Lay the electrode down.

3. Disconnect the electrode tubing connector and insert the electrode
tubing connector plug.

4. Tighty place the cartridge cap on the electrode solution cartridge.

. Note
Wipe any spilled electrode solution with a damp cloth immediately. The
clecirode solution may damage metal and electrical parts.

5. Disconnect the BNC connector and the temperature probe.

6.  Place the meter and the clectrode into the case.

See Part 3, Maintenance for additional information on storage.

16
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PART 2. OPERATION
INSTRUMENT DESCRIPTION

The Hach Modcl 43800 Portable Hach One™ pH Meciter is a multipurpose
microprocessor-controlled laboratory instrument with an integral
Refcrence Solution Dispenser Pump.

It has been designed to measure pH, specific ion activity and millivol
potentials. The instrument will calculate, store, temperature compensate
and display all parameters for pH meéasurcments.

It has both automatic buffer recognition and manual calibration modes.
The automatic buffer recognition mode uses pH 4.01, 7.00 and 1000 Hach
Powder Pillow Buffers. A two-buffer calibration may be used with any
two of these buffers in any sequence. The manual mode may be used
with any buffers, at lcast one pH unit apart, over the entire measurement
range.

The Hach One pH Meter will provide direct digital readouts in pH units
(-1.99 10 19.99) or millivolts (0 to £+ 1999 mV). The four-digit display
provides sensitive, accurate readings. If a temperature probe is aitached,
rcadings from -5 to 105°C may be obtained.

With the Hach Onc Combination pH Electrode and Temperature Scnsor,
the range is 0 to 14 pH units and the temperature range is 0 to 100°C.

Oxidation-reduction potential (ORP) and many ion selective electrodes

may be uscd with calibration curves to correlate millivolt values with
the constitucnt values.

17
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DESCRIPTION OF OPERATING CONTROLS

Figure 3 illustrates the keys and indicators of the Hach One pH Meicr.
Funciional descriptions of each are given in the accompanying able.

Figure 3. Keys and Indicators

18
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Item

10.

1.

Name
Electrode (Prabe)
Electrode Solution
Tubing
Connector & Plug

Cap

Solution Cartridge

Display

pH Indicator

mV Indicator

Auto Indicator

Man Indicator

°C

Description
Hach One Combination Electrode

Tubing for electrode solution

Attaches the electrode solution tubing to the
electrode solution cartridge

Used 10 prevent loss or contamination of
clectrode solution during storage

Contains electrode solution

LCD display of pH or mV values with two
display modes, normal and editing. In nor-
mal display mode, the digits light; while in
the editing display mode one of the digits will
flash.

If the pH key, Item 13, is activated, the pH
indicator will light,

If the mV key, Item 12, is activated, the mV
indicator will light.

If the Auto/Manual key, ltem 22, is activaied
in the pH mode, the Auto indicator will light.
This shows that the meter is calibrating in
the automatic buffer recognition mode.

If the Auto/Manual key, ltem 22, is depress-
ed agaln when in the pH mode, the Man in-
dicator will light. This indicates the meter
is in the manual calibration mode.

If lighted, it indicaies the value shown in the
temperature display, ltem 23, has the units
of degrees Celsius. If it is flashing, the
temperaturs =" - i< not connccted.



13.

14.

15.

16.

1.

18.

AV ANT4

mv Kcy

PH Key

Review Key

Power Key

Dispenser Button

Plunger Release
Buttons

Priming Knob

Miilivolt mode key. When activaied, the mV
indicator will light and the display, Item 6,
will read millivolts. The calibrate and edit
keys as outlined on the keyboard will be in-
operative. If a pH calibration is in progress,
it will be canceled.

pH mode key. When activated, the pH in-
dicator will light and the display, Item 6, will
read pH units. If the pH key is depressed
during a calibration, the calibration in pro-
gress will be lost. If the pH key is depress-
ed at the completion of a calibration se-
quence, the appropriate values will be
updated.

Calibration review key. Displays the offset
and slope values used to determine the cur-
rent calibration. The offset in millivolts will
appear in the larger display with the mV in-
dicator displayed. The slope in millivolts per
pH unit will appear in the smaller display.
Press again and return to the pH mode.

Turns on instrument power. Will need to be
activated if 2 key has not been used within
six minutes. If the key is depressed and held
when the meter is turned on, all of the
display symbols will appear.

Used to dispense electrode solution from the
cartridge.

Used to move dispenser plunger.

Used 1o prime electrode solution cartridge.
Tumn counterclockwise to dispense solution.

20
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20.

21,

22,

Up Arrow Key

Right Arrow Key

Standard Key

Aulo/Manual Key

Each press and release of the Up Arrow key
increments the flashing number when in the
editing mode. The range for the left-most
digit in the display is 0 to 1 to 0. The range
for the left-most digit in the temperature
display is 0 to | to - to 0. The range for all
the other digits is 0 to 9 to 0. The internal
software will not allow the user to enter an
inappropriate value. An example is entering
110 in the temperature display. The 110 is out
of the -5 to 105°C range and cannot be
entered. To enter 104 the zero and the four
must be entered first. The Right Arrow key
is then advanced and the one entered. This
procedure is unnecessary for the pH display.

Moves the flashing number to the next right
digit. If the iemperature probe is not con-
nected, it will initiate editing of the
temperature display. Increment this digit with
the Up Arrow key or if it is a leading blank,
a flashing zero, press the Right Arrow key
to advance to the next digit.

Initiates reading of a buffer uscd in a calibra-
tion sequence.

Selects the calibration mode, cither the
automatic buffer recognition mode or
manual buffer recognition mode, and starts
the calibration sequence.

Press once: Initiates the automatic buffer
recognition calibration mode. The Auto in-
dicator will light. The mecter has been
preprogrammed for using Hach Powder
Pitlow Buffers tabeled pit 4 01, 700 or 1000
in any order to calibratc the instrument.

Press again: Initiates the manual buffer
recognition mode. The Man indicator "
light. The editing mode will be inthated v......
the left-most digit flashing. 1f the
temperature probe is not connected, the
temperature may be cdited as well.



24,

25.

26.

28

s

Probe Indicator

Battery Indicator

S2 Indicator

Minus Sign

S1 Indicator

Continuously displays the temperature in 0.2
inch digits. When the temperature probe is
not connecled, the meter uses the last
manually entered temperature or 25°C. The
meter uses the displayed value to compen-
sate the pH reading automatically for
temperature. The letters, HI, will appear if
the temperature is greater than 105°C. LO
will appear if the temperature is less than
-5°C.

Flashes until the reading is stable. In low
ionic-strength samples it may take up to three
minutes. If the instability is due to the probe
or sample, it will continue to flash. Correc-
tive action is nceded; see Troubleshooting,
Part 4. If the indicator is lighted but not
flashing, the last calibration offset deviation
was in the range of 60 to 120 mV and/or the
slope deviated from -59.2 mV/pH unit by 15
to 30%. It will remain lighted until a new
calibration is completed.

The battery indicator will light up when the

voltage becomes low. When the woltage .

becomes too weak to operate the meter cir-
cuits, the instrument will tumn itsclf off while
maintaining calibration data in memory.

The S2 indicator will flash during a calibra-
tion when the second standard of a calibra-
tion is expected. The S2 indicator will light
when the information on the display refers
to the second standard.

The minus sign will light when the meter
rcads a negative value.

The Sl indicator " T~<h doring a calibra-
tion when “n
is expected.

the inform..

first standard.
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30. Temperature Probe
Jack (recessed)

31. BNC Connectlor

32. Temperature Probe
Plug

ELECTRODE DESGRIPTION

Attachm

ent for
ent for

NC connector.

Attachment for temperature probe.

Attaches the electrode to the meter.

Attaches the temperature probe to the meter.

Hach One Electrodes feature.a vastly improved design providing fast
response and measurement accuracy; see Figure 4. Ecror due to varia-
tions in reference junction potentials caused by junction clogging has been

virtually climinated.

REFERENCE ELECTROOE

m

GLASS ELECTRODE

SILVER-SRVER CHLORIDE
REFERENCE ELEMENT

Figure 4. Hach One Combination pH Electrode with Temperature Sensor
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Hach One pH Electrodes have silver-silver chloride reference elements.
Electrode solution for the reference half-cell is metered through an open
reference junction by using a special dispenser. One touch on the dispenser
control button dispenses just the right amount of electrode solution through
the reference junction. Electrode solution is dispensed through Teflon
tubing which also encloses the silver-silver chloride reference element.
~ Model 44250, the Hach One Reference Half-Cell Electrode, is available
for use with two-electrode systems. Electrode solution for Hach One Elec-
trodes is contained in disposable plastic cartridges to ensure fresh,
contaminant-free solution.

The Hach One Electrode will provide greater accuracy and reliability
for pH measurement than any other pH electrode available. Unique design
and construction of Hach One Electrodes make them ideal for routine
and special applications of pH measurement. Convenient for field or
small-sample testing, the slim body of the Hach One (10.5 mm diameter)
will fit into a 13-mm test tube for measurement of samples as small as
1.5 mL.

The Hach One uses a low-resistance glass so that it can be used down
10 0°C. Although low-resistance glass hydrates easily, it has less durability
at high temperatures. In addition, a moderate sodium error occurs at pH
levels greater than 12 when low-resistance glass is used.

PRINCIPAL OF ELECTRODE OPERATION

Fresh electrode solution is dispensed from a cartridge through a free-
flowing liquid junction as needed. Diluted electrode solution and con-
taminants are removed continuously from the vicinity of the junction.
Build-up of junction potential, common with electrodes with porous plugs,
does not occur with the free-flowing junction. Accordingly, samples of
varying ionic strengths are measured accurately. The electrode solution
is metered by a dispenser, controlled by a DISPENSER BUTTON, PRIM-
ING KNOB and PLUNGER RELEASE BUTTONS. One push on the
DISPENSER BUTTON triggers dclivery of 6 uL of electrode solution
from the cartridge. Hach One Elcctrodes provide quick, stable readings
in a temperature range of 0 to 100°C (32 to 212°F). Intermittent use only
is recommended above 45°C (113°F).
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Applications for the Hach One Portable pH Mclcr include:

— Monitoring the pH of low ionic strength liquids such as ultrapure water
and acid rain samples.

— Ecology studics of natural waters (lakes, rivers and streams).

— Water and wastewater treatment to monitor influcnt and effluent
quality.

— Agricultural applications (soil, fertilizer, food and fecd).

— Chemical and biological research.

— Industrial processes in the manufacture of foods, beverages, phar-
maceuticals, dycs, photographic film and reagent grade chemicals.

— Medical laboratory studies of body fluids such as blood and wrine.

OPERATION MODES

The three fundamental parameters measured by the Hach One Portable
pH Meter are temperature, pH and millivolts.

TEMPERATURE MEASUREMENT

Temperaturc is measured only when the temperature probe is connected
to the meter. If the temperature probe is not connected, the metcr will
display the last valuc entcred manually or the default value of 25°C and
the °C will flash, Temperature values may be changed by using the Up
Arrow and Right Arrow keys when the temperature probe is disconnected.

Prcliminary adjustments arc not needed for taking temperature
measurements. Once the probe is connected, immerse the probe tip in
the test sample. Allow 30 scconds for the probe to stabilize and take the
reading.

LABORATORY THERMOMETER

The Hach Onc pH Metcr may be utilized as a laboratory thermometer
with the purchase of a stainless steel temperature probe (Cat. No.
43976-00); sce Figure 5. Simply plug in, attach the BNC shorting cap,
and read the value in the temperature display. The BNC shorting cap
stabilizes the erratic display.
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Figure 5. Stainless Steel Temperature Probe

With the stainless steel temperature probe, other pH probes may be used
with the Hach One pH Meter and have automatic temperature compen-
sation in the pH mode.

In the millivolt mode, oxidation-reduction potential and ion selective elec-
trodes may be used. The temperature probe will provide an accurate
measurement of sample temperature.

pH MEASUREMENT

pH is used to describe the hydrogen ion activity in a solution. The in-
Muence of the hydrogen ion activity in a solution on a pH electrode may
be described by two parameters, offset and slope. A more complete ex-
planation of pH is given in Appendix A, Theory of pH Mcasurement.

The offset is defined as the difference between the observed potential

and the expected potential at pH 7.00. The default offset programmed in-
to the Hach One Portable pH Meter is 0.00 mV.
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The slopc is defined as the change in polcmiai per pH unit. The default
slope programmed into the Hach One Portable pH Meter is -59.2 millivolts
per pH unit.

These default values will change each time a calibration is performed.
A one-buffer calibration will change only the offset, while a two-buffer
calibration will change both the offset and slope.

The values used for offset and slope are as close as the touch of a button.
In the pH mode the Review key, when pressed, will display the current
offset in terms of millivolts in the display and the current slope in millivolts
per pH unit in the temperature display. This data is invaluable o verify
the accuracy of calibration and sample measurement over time. If the
offsct and slope exceed the normal expected calibration variations the
probe indicator will light. Larger variations will cause error messages
10 occur. These indicators and error messages are explained in more detail
in the Troubleshooting scction.
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ALIBRATION

There are several ways to calibrate the pH meter. For the most accurate
measurements, do a2 two-buffer calibration at lcast daily. A one-buffer
calibration is less accurate but uscful in routine applications. The fac-
tory or default calibration usually is the least accurate but the quickest
1o use.

The Hach Onc pH Meter has been designed for these calibrations to be
carried oul in either an automatic buffer recognition (automatic) mode
or a manual mode. In the following pH Calibration Procedure section
cach of these calibrations is described in detail. These calibrations in-
clude two-buffer calibration using automatic mode, two buffer calibra-
tion using manual mode, two-buffer calibration using automatic mode
for one buffer and manual mode for the second buffer, one-buffer calibra-
tion using automatic mode, one-buffer calibration using manual mode
and factory calibration.

In each procedure, bracketed steps, [ 1, tell what action needs to be taken
if the temperature probe is malfunctioning or not plugged in, The
temperature may be entered using the Edit keys. In some situations it

may not be nccessary to enter a temperature if the currently displayed

temperature is correct. Every three degrees Celsius difference between
the displayed temperature and the actual solution temperature will cause
a one per cent deviation per pH unit difference from pH 7. This means
at pH 3 the effect of temperature on the pH measurement, when there
is a difference in temperature from the display to the actual temperature,
is more significant than at pH 6.

In all pH measurements, the results are only as good as the buffers used
in the calibration procedurc. Hach pH Powder Pillow Buffers are simple
to prepare and accurate. Powder pillow packaging cnsurcs the proper pro-
portion of fresh, contaminant-free reagent. Prepare buffer solutions by:

1. Open the powder pillow with the clippers provided with the meter.
2. Dissolve the contents of one powder pillow in 50 mL of deionized

waler and mix. See Part 6 for product ordering information and
premixed solutions.

Accurate pH measurements arc casy with the Hach One when the air

bubbles in the elecis s are removed. Not removing all
of the air bubbles is the ar. Air bubbles are
removed by dispensing moic - - + +ing But-

ton. Morc air bubbles can be ren 4g Knob

-y,

o

~d

~/
~ 7~
d\/

1f the probe indicator is lighted but not flashing dur-
- ing a calibration, it indicates a warning about the
last calibration and not the current calibraton. The
lighted indicator won't turn off until the current
calibration is completed.

PROMPTING

The Hach Onc Portable pH Meter uses prompting indicators to direct
the operator through calibration. When onc of the program modes
(automatic or manual calibration) has been sclected, the instrument will
prompt the operator as (o the calibration requirements by flashing key
indicators (S! or $2) in the automatic calibration modc plus initiate cditing
of the display in thc manual calibration mode; sce Figure 6.

Figuro 6. Prompting Indicators

pH CALIBRATION PROCEDURES

TWO-BUFFER CALIBRATION USING AUTOMATIC MODE
I.  Press: n The display will light.

2. Press: m
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Press: toxax The Auto indicaior wiil light; see Figure 7. The S!
and pH indicators will flash. Zeros will appcar in the display.

Figure 7. Auto Indicator

[If the temperature probe is not connected, determine temperature
of the buffer. Press the Right Arrow key once and then ‘enter the
temperature using the Right Arrow and Up Arrow keys. The Right
Arrow moves the flashing number to the next right digit, while the
Up Arrow increments the flashing number. See page 21 for a detailed
description of the Up Arrow key. The °C will continue to flash as
long as a temperature probe is not connected. ]

Place the electrode into a pH 4.01 Hach Powder Pillow Buffer and
press the Dispenser Button. The temperature display will show the
actual solution temperature throughout the entire sequence of steps
il the temperature probe is connected.

Press: u and wait until the pH indicator stops flashing. The S2

indicator now will begin flashing. The actual pH value will appear .

in the display.If the solution wemperature deviates from 25°C, the
display will show the actual pH and not 4.01.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the clectrode solution tub-
ing are the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.
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Rinse the electrode with deionized water.

[If the temperature probe is not connected, determine the iemperature
of the buffer. Press the Right Arrow key once and then enter the
temperature using the Right Arrow and Up Arrow keys. Thc *C
will continuc to flash as long as a temperaturc probe is not
-connccted.]

Place the clectrode into a pH 7.00 Hach Powder Pillow Bulfer and
press the Dispenser Button.

Press: m S2 will stop flashing. Wait until the pH indicator stops
flashing. The actual pH value will appear in the display. If the solu-
tion temperature deviates from 25°C, the display will show the ac-
tual pH and not 7.00.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the clccuo«?c sohflion tub-
ing arc the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

Press: m Rinse the clectrode with deionized waler, place into
sample and press the Dispenser Button. The meter now measures
pH.

If desired, press: m Note the offsct and slope used in d;tcrmin-
ing pH. Press the Review key again to return to measuring pH.

In the automatic buffes recognition mode, Hach Powder Pillow Buf-
fers, pl 4.01, 7.00 and 1000 may be used in any sequence.

i
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press: I The display will light.
Press: Eﬂ]

w0 ] .
Press: ox@ Two times. The Man indicator will light; see Figure
8. The SI indicator, the left-most digit and the pH indicator will
flash. :

Figure 8. Man Indlicator

Place the electrode into a standard buffer and press the Dispcr;scr
Button.

Determine the pH of the standard buffer at its current temperature
from a table of values. The current temperature is shown in the
lemperature display if the temperature probe is connected. Appen-
dix C has a table of Hach liquid and powder buffers showing
tcmperature versus pH.

Use the Right Arrow and Up Arrow ( m E Edit keys) to enter
the determined pH of the standard buffer in the display. The Right
Arrow moves (he flashing number to the aext right digit, while the
Up Arrow increments the flashing number. Sec page 21 for a more
detailed description of the Up Arrow key.

{If the temperature probe is not connccted, determine the temperature
of the buffer and enter it in the temperature display usine '+~ ?ioht
Arcow and Up Arrow. Use the Right Arrow to move

number from the display to the temperature display.

continue to flash as long as a lemperature <t i e
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tarily, about four seconds. The S2 indicator and the lefi-most digit
now will begin flashing. Zeros or a previous calibration value will
appear in the display to be edited, if necessary, for the sccond stan-
dard in Step 9.

Prass: M and wait until the pH indicator stops flashing momen-

Fluctuating readings: If the screen displays a fluctuating reading or

gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

Rinse the electrode with deionized water. Plage into a second stan-
dard buffer and press the Dispenser Button.

[If the temperature probe is not connected, determine buffer
temperature.] '

Determine the pH of the standard buffer at its current temperature
from a table of values. Appendix C has a table of Hach liquid and
powder buffers showing temperature vs. pH.

Use the Right Arrow and Up Arrow ( [ I Edit keys) 1o enter
the determined pH value in the display.

fIf the tcmperature probe is not connected, enter bulfer temperature
using the Right Arrow and Up Arrow keys in the temperature display.
Usc the Right Arrow to move the flashing number from the display
to the temperature display. The *C will continue 1o flash as long
as a tcmpcerature probe is not connected. )

33



10. Press: ﬂ S2 will stop flashing. Wait until the pH indicator stops

Nachino
srasmng,

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be are removed by- turning the Priming Knob
counterclockwise.

11. Press: m Rinse the electrode with deionized water, place into

sample and press the Dispenser Button. The meter now measures
pH.

12.. If desired, press: m Note the offset and slope used in determin-
. ing pH. Press the Review key again to return to measuring pH.

TWO-BUFFER CALIBRATION USING AUTOMATIC MODE FOR
ONE BUFFER AND MANUAL MODE FOR THE OTHER BUFFER

L. Press: JA The display will light.

2.  Press: m

3. Press: mm The Auto indicator will light. The S! and pH indicators
will begin flashing. The display will show all zeros.

4. Place the clectrode into a pH 4.01 Hach Powder Pillow Buffer and
press the Dispenser Button. The temperature display will show the
actual solution tempcerature throughout the entire sequence of steps
if the temperature probe is connected.

{If the temperature probe is not connected, determine temperature
of the buffer, press the Right Arrow key once and then enter the
buffer temperature using the Right Arrow and Up Arrow in the
temperature display. The Right Arcow moves the flashing number
to the next right digit, while the Up Arrow increments the flashing
number. The °C will continue to flash as long as a temperature probe
is not connccted. )

In the automatic buffer recognition mode, pH 7' .00 Hach
Powder Pillow Buflers also may be use!
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Press: M S1 will stop flashing. Wait until the pH indicator stops
flashing. The S2 indicator wiil begin flashing. The actual pH value
will appear in the display. If the solution temperature deviates from
25°C, the display will show the actual pH and not 4.0l.

Fluctuating readings: If the screen displays a fluctuating reading or

gives an E 1 error code, air bubbles in the clectrode solu_(ion tub-
ing are the causc. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

Rinse the electrode with deionized water. Place into the second stan-
dard buffer and press the Dispenser Button.

Press: g The Man indicator will light.

The S2, the left-most digit and the pH indicator will begin flashing.
Determinc the pH of the standard buffer at its current tempcrature
from a table of values. Appendix C has a table of Hach liquid and
powder buffers showing temperature versus pH.

Use the Right Arrow and Up Arrow ( m E Edit keys) to enter
the determined pH value in the display. The Right Arrow moves
the flashing number to the next right digit, while the Up Arrow in-
crements the flashing number.

[If thc temperature probe is not conncctcd,'dclcrmit.\c the buffer
tempcrature and enter it in the temperature display using the Right
Arrow and Up Arrow. Usc the Right Arrow to move the flashing
number from the display to the temperature display. The *C will
continue to flash as long as a temperature probe is not connccted.)

Press: m S2 will stop flashing. Wait uatil the pH .indicalo.r stops
fashing. The value entcred in Sicp 8 will appear in the display.

Fluctuating readings: If the screen displays a fluctuating rca.ding or
gives an E 1 error code, air bubbles in the clcclroijc solqllon tub-
ing arc the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More aif bubbles
can be removed by turning the “nob counterclockwise.
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Press: pH| Ringe the electrode with deionized water, place into
sample and press the Dispenser Button. The meter now measures
pH.

1 desired, press: m Note the offset and slope used in determin-
ing pH. Press the Review key again to relurn to measuring pH.

Calibration may also be done using the manual mode first and the
" automatic mode second. :

ONE-BUFFER CALIBRATION USING AUTOMATIC MODE

L
2,

Press: M The display will light.

Press: m

Press: % The Auto indicator will light,

Place the electrode into a pH 7.00 Hach Powder Pillow Buffer and
press the Dispenser Button, S1 and pH indicators will be flashing.
Zceros will appear in the display. The temperature display will show
the actual solution temperature throughout the entire sequence of
steps if the temperature probe is connected.

[If the temperature probe is not connected, determine temperature
of the buffer, press the Right Arrow key once and then enter the
temperature using the Right Armow and Up Arrow in the temperature
display. The Right Arrow moves the flashing number to the next
right digit, while the Up Arrow increments the flashing number.
See page 2! for a detailed description of the Up Arrow key. The
*C will continue to flash as long as a temperature probe is not
connected. ]

In the automatic buffer recognition mode, Hach Powder Pillow Buf-
fers, pH 4.01 or 1000 also may be used.

Press: m S1 will stop flashing. Wait until the pH indicator stops
flashing. S2 will begin flashing. T - " Y value will appear
in the display. If the solution te *~5 from 25°C, the
display will show the actual
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Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the electrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by tuning the Priming Knob counterclockwise.

6. Press: m Rinsc the electrode with deionized water, place into

sample and press the Dispepser Button. The meter now measures
pH. . '

7. If desired, press: m Note the offset and slope uscd in determin-
ing pH. Press the Review key again o return to measuring pH.

ONE-BUFFER CALIBRATION USING MANUAL MODE

1. Press: “ The display will light.

2. Press: m

3.  Press: o two times. The Man indicator will light. The Sl and
pH indicators will begin to flash.

4. Place the clectrode into a standard buffer and press the Dispenscr
Button.

The left-most digit and the pH indicator will begin flashing. Zeroes
or a previous calibration value will appear in the display to be edited,
if nccessary, in Step 5. Determine the pH of the standard bulfer at
its current temperature from a table of values. The current
temperature is shown in the temperature display. Appendix C has
a table of Hach liquid and powder buffers showing temperature vs.
pH.

5. Use the Right Arrow and Up Arrow ( m E Edit keys) to cnter
the determinced value in the display, The Right Arrow moves the
flashing number to the next right digit, while the Up Arrow in-
crements the flashing number. Sce page 21 for a detailed descrip-
tion of the Up Arrow key.
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(If the temperature probe is not connected, determine*temperature
of the buffer and enter it in the iemperature dispiay using the Right
Arrow and Up Arrow. Use the Right Arrow 10 move the flashing
number from the display to the temperature display. The °C will
continue to flash as long as a temperature probe is not connected. ]

6. Press: u St will stop flashing. Wait until the pH indicator stops
flashing momeatarily, about foug seconds. The value entered in Step
S will appear. The S2 indicator and the left most digit now will begin
to flash. Zeros or a previous calibration value will appear in the
display and may be disregarded.

Fluctuating readings: If the screen displays a fluctuating reading or
gives an E 1 error code, air bubbles in the clectrode solution tub-
ing arc the cause. Air bubbles are removed by dispensing more
electrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

10. Press: m Rinse the electrode with deionized water, place into

s ;
pa;lt.]plc and press the Dispenser Button. The meter now measures

1. !{ desired, press: m.Nolc the offset and slope used in determin-
ing pH. Press the Review key again 1o return (o measuring pH.

‘ Calibration may also be done using the manual mode first and the '

automatic mode second.

ONE-BUFFER CALIBRATION USING AUTOMATIC MODE
I.  Press: n The display will light,

2. Press: m

. IS :
3. Press: g The Auto indicator will light.

L

%A . 98
Figure 9, Stabliity Indicators

SAMPLE PROCEDURE

Calibration and measurement are two fundamental steps in every pH
measurement. Calibration, also called standardization, compensates for
changes in the meter or elcctrode(s). Measurement determines the sam-

Flus:tuating readings: If the screen displays a fluctuati i
gives an E | error code, air bubblcs‘i)n llyslc elcc(ro?ll;nsilr::ig:llgugf
Ing are the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

6. Press: m Rinsc the electrdde with deionized watcer, place into

sz;{mplc and press the Dispenser Bution. The meter now measures
pH. : '

7 !f desircd, press: m.Nolé the offset and slope used in determin-
ing pH. Press the Review key again (o return 1o measuring pH.

ONE-BUFFER CALIBRATION USING MANUAL MODE

. Press: I The display will ligh.
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Fluctuating readings: If the screen displays a fluctuating Yeading or
gives an E | error code, air bubbles in the eiectrode soiution wb-
ing are the cause. Air bubbles are removed by dispensing more
clectrode solution with the Dispensing Button. More air bubbles
can be removed by turning the Priming Knob counterclockwise.

4. Rinse the electrode with deionized water after sample measurement.

Notes

A. pH buffer solution preparation is easy with Hach pH Powder Pillow
Buffers. Powder pillow packaging ensures the proper propoction of
fresh, contaminant-free reagent. Prepare buffer solutions by adding
the contents of one powder pillow to 50 mL of deionized water and
mix. Premixed pH buffer solutions also are available. See Part 5
for product information. '

B. When measuring water with a low buffer capacity (such as boiler
condensate or high purity natural water), it may be necessary to
cover the solution during measurement to prevent change in the car-
bon dioxide concentration of the sample.

C. Stirring the sample with the Hach One during measurement is
recommended. Slow to moderate stirring will specd the response
and will not shift the potential—as can occur with conventional
porous junction electrodes. For ficld measurements the sample may
be stirred with the electrode. For lab measurements a magnelic stir-
rer and stir bar work best, '

D. Do not immerse the electrode past the blue body of the probe in

a solution.

Reagents and Apparatus—See Part 5, Reagents and Apparatus.
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OPTIMIZING pH ELECTRODE PERFORMANCE

The greatest source of pH measurement error is a clogged reference junc-
tion. A clogged reference junction causes variation or irregularitics in
the liquid junction potential. The Hach One is designed so that the lig-
uid junction potential is kept (0 a constant and minimal value.

Response Time

Normal response time in buffered solutions is only a few seconds. The
response time will be slower, perhaps up to three minutes, in weakly buf-
fered solutions from 10 M buffer w pure water. Conventional electrodes
with porous junctions may requirc as much as 40 minutes in similar low-
ionic strength solutions. Response time slows as the ionic strength and
temperature decrcase. If the response time becomes slower than usual,
clean and soak the glass membrane in deionized water as described in
Part 3, Maintcnance-Normal Electrode Cleaning.

Storage

The Hach One can be stored dry in air without harm to the glass mem-
brane. The glass will rchydrate quickly when immersed in water, and
an immediate responsc is obtained in concentrated solutions like calibra-
tion buffers. For measurements in low ionic-strength samples, the ¢lec-
trode should be conditioned by immersion in deionized wakcr.

Technique

It is better to stir the sample gently than to measure a still sample. Stir-
ring the sample speeds the Hach One response dramatically in low ionic-
strength samples. Conventional clectrodes with ceramic junctions can give

variable and shifted potcntials upon stirring.

With the Hach One Electrode, press the Dispenser Button for more
solution if the readings become erratic.
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Temperature Faclors

[4
To optimize clecirode performance, the electrode, buffers and 1est samples
should be equilibrated at the same temperature prior to measurements,
When transferring your clectrode from one solution to another, rinse the
tip thoroughly with the solution to be measured next or with deionized
waler.

Electrode solution cartridges that have been exposed to cold temperatures
should be examined visually to be sure crystals, which could enter and
obstruct the clectrode solution tubing, have not formed inside the car-
tridge. If crystals are present, warm the cartridge, shaking it several times,
until all crystals are redissolved.

The electrode is intended for continuous use in samples with temperatures
ranging between 0 and 45°C (32 10 113°F). Prolonged use at higher
temperatures will shorten its useful life, but intermittent use up to 100°C
has no noticeable cffect. At temperatures near 0°C, the measurement time
for the clectrode will increase.

The electrode solution cartridge contains 2.2 N KCl saturated with AgCl
in 40% glycerin to enable the electrode to withstand freezing conditions.

If the temperature probe is malfunctioning or not plugged in, the
temperature may be entered using the Edit keys. In some situations it
may not be necessary to enter a temperature if the currently displayed
tempcerature is correct. Temperature influences two different factors in
every pH measurement. One factor is the temperature of the silver-silver
chloride reference clements and glass bulb. The Hach One pH Meter
has been designed to compensate automatically for the electrical changes
in the reference clements and glass bulb duc to temperature. Because of
this design, every three degrees Celsius difference between the displayed
temperature and the actual solution temperature will cause a one percent
deviation per pH unit difference from pH 7. This means at pH 3 the ef-
fect of iemperature on the pH measurement, when there is a difference
in temperature from the display to the actual temperature, is more signifi-
cant than at pH 6. The sccond factor is the solution temperature. Though
a solution is labcled a pH 4.01 buffer, the actual pH is 4.01 only at 25°C.
Al other temperatures the pH will vary slightly depending on the
characteristics of the chemicals used in preparing the buffer. In the
automatic buffer recognition mode, the Hach On er will give
the actual pH value. In the manual calibration - t be
consulied for the pH of the buifer o :
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Drift

In weakly buffered alkaline solutions, absorption of carbon dioxide from
the atmosphere is a major cause of downward drift of pH readings. Loss
of volatile acids or bases may cause drifting as well. Drifting is minimized
by covering the sample during measurement.

Sodium Error

Acid crror is negligible and ncgative sodium error, usually present in
alkaline solutions, is low, even al pH values as high as 12. To determine
the sodium crror in pH units, measure the apparent pH and sodium con-
centration of the test solution and determine the error from the Sodium
fon Error Graph in Figure 10. Do this by locating the point (on the ap-
propriate pH horizontal grid linc) representing the sodium concentra-
tion based on the extrapolation between the 229, 2,290 and 22,900-mg/L
Na plots. The vertical grid line at that point will indicate the negative
sodium error (in pH units) that should be added to the apparcnt pH meter
rcading.

SAMPLE pi
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MILLIVOLT MEASUREMENT

The Hach One Portable pH Meter may be used to read mlllivolts at any
time by pressing the mV key. The mV indicator will light. With the pro-
per probe, values from -1999 mV to 1999 mV may be read in this mode.
If the reading is outside of this range the error message, E 8, will appear
in the display.

For readings in the range of -999.9 10 999.9 mV, the meter will display
tenths of millivolts. For readings outside of this range the the metcr will
display readings to the nearest millivolt.

MILLIVOLT ZEROING

The meter may be zeroed for millivolt measurements by following this
sequence:

1.  Turn off the meter.

2. Insert the straightened end of the shortest bend of a2 No. 1, steel
paper clip into the inner hole of the BNC receplacle; see Figure
11. Push the remainder of the paper clip so that it will slip into
the inner sleeve of the receptacle. This will electrically short the
BNC connector.

Actua! Slze

ﬁ

¢

3. Press and hold: m

Press and release: ﬁ

Relecase: m

The mV indicator will light, and after about 10 seconds the meter
will read 00 mV +.2 mV.

4. Ifthere is a meter malfunction that will cause the reading to be less
than -50 millivolts or greater than 50 millivolts, the error message,
E 6, will appcar. Additional troubleshooting information appcars
in Part 4. :

If the above procedure is used routinely, a BNC shorting cap (Cat. No.
19024-00) is recommended to prevent damage to the gold contact of the
BNC connector. Hach recommends that zeroing be donc only when
deemed necessary by the user and/or when replacing the battery. The
instrument has been designed to maintain zero.

Because of the millivolt range of -1999 to 41999 mV, the Hach One

Portable pH Meter can be used with ORP (oxidation-reduction poten-
tial) probes and many ion seleclive electrodes.
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PART 3. MAINTENANCE ) i gy B

BATTERY REPLACEMENT
A low battery is signaled by the lighted battery indicator on
the LCD display. When the voltage becomes too weak to
operate the meter circuits, the instrument will turn itself off
after two seconds while maintaining calibration data in
memory. Replace the battery; see Part |, Battery Installation.

CARTRIDGE REPLACEMENT
To replace the electrode solution cartridge, press the PLUNGER
RELEASE BUTTONS on the sides of the dispenser and slide the plunger
all the way to PRIMING KNOB end of the meter. Remove the cartridge
from the meler.

ELECTRODE STORAGE

The ¢lectrode may be allowed to air-dry during storage with no damage
and need not be kept wet or immersed during storage. A dry electrode
responds quickly to strong solutions, like buffers, within 15 minutes after
being placed in service. For fastest response in dilute, low ionic-strength
samples, the glass membrane can be stored in deionized water. Storage
in deionized water is acceptable because the free-diffusion junction of
the Hach One cannot be clogged by precipitated AgCl. Note: Storing
any glass membranc in water causes gradual deterioration as ions are
leached from the glass.

If the clectrode is to be stored for an extended period of time it should
be prepared as follows: Disconnect the clectrode solution tubing from
the solution cartridge. Using a syringe, inject approximately 20 mL of
deionized water through the clectrode solution tubing to flush out the
electrode solution. Use a dry syringe to force air through the electrode
solution tubing to dry it. Install the cap with the cotton wad on the end
of the clectrode. Do not add any solution to the cotton wad. Replace the
plug in the end of the electrode solution tubing. Follow instructions in
Part | to place the ¢clectrode in service again.
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NORMAL ELECTRODE CLEANING

WARNING

The hydrochloric acid and sodium hydroxide used is this procedure may
be hazardous if inappropriately handled or accidentally misused. Please
read all warnings on the reagent labels.

When the electrode response becomes sluggish or the clectrode is foul-
ed, it should be clcaned. Normal cleaning procedures follow: immerse
the electrode tip in 0.IN Hydrochloric Acid followed by immersion in
0.IN Sodium Hydroxide and again in 0.IN Hydrochloric Acid, each for
2 two-minute period. Rinse with deionized walter; soak in deionized watcr
for at least 15 minutes.

Oils and fats can be removed by immersing the electrode tip in a detergent
solution such as Alconox. Use a soft brush or ultrasonic bath if necessary.
Avoid scratching the glass bulb!

Organic films may be removed from the glass bulb by using an appropriate
solvent, such as methanol or acctone.

If the glass bulb becomes contaminated, it may be reconditioned by follow-
ing the above cleaning proccdure.

If thesc steps fail to improve clectrode response, replace the clectrode.

CRYSTAL FORMATION IN REFERENCE TUBE

The clectrode solution for the reference portion of the electrode contains
2.2 N potassium chloride. Thus, emperature variations may cause crystals
to form (which may interfere with free flow of clectrode solution to the
reference junction). These deposits are removed casily by immersing the
arca where crystals have developed in warm water (approximately 30°C
or 86°F)for three to five minutes. If the crystals develop near the tip,
immerse the clectrode tip (or the entire electrode if necessary). If the
arca of blockage is unknown, the entirc electrode and tube can be im-
mersed. Do not immersc the instrument conncctors. Aficr the blocked
arca has been immersed for a few minutes, tum the PRIMING KNOB
counterclockwise to flush clectrode solution through the system. If crystals
arc nresen” =~ electrode solution cartridge, remove the cartridge from
mierse the cartridge in warm water. Shake
Aly uniil all crystals are redissolved.
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PART 4. TROUBLESHOOTING

Hach One pH Meter troubleshooting is easy. Four different tools are
available. First, the offset and slope may be monitored using the Review
key. Second, prompting indicators are used to display potential problems.
Third, error codes have been designed to notify the user when the
measurements are not performed accurately either due to operator error
or to probe characteristic changes. These error codes are listed below.
Fourth, a Troubleshooting Guide is provided. Common problems are
solved easily by following these simple steps.

REVIEW KEY

In the pH mode the Review key will display, when pressed, the offset

in millivolts in the display and the slope in millivolts per pH unit in the

temperature display. For the Hach One Combination pH Electrode
expect to see offset voliages deviating from 0.0 by 15
millivolts or less. The expected slope may deviate from
-59.2 millivolts per pH unit by five percent. Values
greater thar these indicate the meter is unable to detect
stable conditions. One alternative is 1o wait for 30 to 60
seconds before pressing the Standard key during a calibration. Another
response is to clean the electrode as described in Part 3—Normal
Electrode Cleaning.

REVIEW'

PROMPTING INDICATORS

UNSTABLE READINGS

= H Z During a calibration the pH indicator will flash indicating the reading
/7y I\\\ is nol yet stable.

\1
[ﬁbﬁ During 3 pH measurement the probe indicator, in pH mode will flash
if the pH reading is unstable.
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Both of these conditions may be corrected by verifying there is adequate
ciccirode soiution at the junction and no air bubbles are present in the
clectrode solution tubing or glass bulb. Air bubbles in the electrode solu-
tion tubing arc thc most common problem.

The probe indicator will remain on if the calibration offsct deviates from
0.0 mVY by 60 to 120 mV and/or the slope deviates from the ideal
[&‘ slope of -59.2 mV/pH unit by 15 to 30%. Use the Review key
to note the offset and slope. Correct a wrong offsct by a one-
buffer calibration. Correct a wrong slope and offset by a two-

buffer calibration or return to the factory-set calibration.

LOW BATTERY
The battery indicator lights when the battery is low. When the vollage
becomes too weak to operate the meter circuits, the instrument will
D turn itsclf off after two scconds while maintaining calibration daa
in memory. To save the calibration values during batiery
replacement:
1. Turn the meter off.

2. Have a replacement battery ready.

3.  Switch batteries within 15 scconds.

UNCONNECTED TEMPERATURE PROBE

— o¢ < The °C indicator will flash if the temperature probe is not connccted

-~ >~
7y | N the meter.
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ERROR CODES C C The voltage is read as less than -50 mV or greater than S0 mV while the
Error codes will appear as E followed by a value of one to cight. Each C {J mcicr is being eroed in miilivoil imode. Verify if the shoriing clip was
error code is listed with a description of the cause and the possible cor- installed correctly and redo the Millivolt Zeroing Procedure. If still unable
rective steps. to zero, contact the Hach Factory Service Center.

’: The probe voltage reading is out of range in the pH mode. It is greater E The lchcraturc Is outside t.hc range for. a.utomalic buffer rCCOg"i.'ion'
than 19.99 pH or less than -1.99 pH. This will occur when the meter 0 to 60°C. There are three different conditions that would cause this er-

is turned on and/or the electrode is removed from a solution. It may cor- ror code.

rect itself when placed into a solution. If E 1 appears while in a solu- L . i
tion, air bubbles in the electrode solution tubing are probably the cause, L. The clectrode was placed in a buffer with a temperature outside of
Air bubbles are removed by dispensing more electrode solution with the the range 0 to 60°C.

Dispenser Button. More air bubbles can be removed by turning the .

Priming Knob counterclockwise. Other corrective steps may be to change a. Use the manual mode and input the correct temperature.

10 mV mode or connect the electrode to the meter. In rare cases, air

bubbles in the glass bulb are the cause; see Electrode Installation, Step 2, OR

b. Immerse the electrode tip imo' a buffer with an appropriate

9 The deviation from the ideal pH slope of -59.2 mV/pH unit is greater temperature and press the Standard key.

E than 30%. Recalibrale with a two-buffer calibration or use previous
calibration. To use the previous calibration turn the meter off, tumn it 2. The temperature probe was not plugged in. The *C will be lashing
on and press the pH key. The factory-set calibration may be used by remov- as well. Plug in and press the Standard key.

ing the battery for at least five seconds while the meter is on. :
3. The temperature probe is defective. The ® C will be flashing even

r The probe mV offset is greater than 120 mV or less than -120 mV. though it is plugged in.
C Recalibrate or use previous calibration. To use the previous calibration,
turn the meter off, turn it on and press the pH key. The factory-set calibra- ' a. Replace the probe.
tion may be used by removing the battery for at least five seconds while
the meter is on. . OR
The pH reading has not been recognized as one of the 4,01, 7.00 or 10.00 b. Follow the manual calibration procedure and input the cor-
E pH standards in the automatic buffer recognition mode. If appropriate, rect tcmperature.
iry the standard again by putting the clectrode in a different solution. o
R
Both calibration buffers have the same nominal pH valve. The two pH
E buffers must be at least 1 pH unit apart. Recalibrate with different buf- i c. Use a separate temperature probe (Cat. No. 43976-00).
fers or use previous calibration. To usc the previous calibration, turn the
meter off, turn it on and press the pH key. The factory-sct calibration E The millivolt reading is less than -1999 mV or greater than +1999 mV.
may be used by removing the baltery for at Icast five scconds while the 8 Verify the probe is connected and follow the suggestions for Unstable
meter is on. Readings in the Prompting Indicators section,
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Step 1. Is the display working?
Press and hold n Verify that all the segments are lighted. The

display will appear as shown in Figure 12, Rclcascu . Failure of

all the segments to light at once does not mean the instrument will not
operate properly. Occasionally, a few segments do not light during this
test when they are still operable. You can check these segments by
pressing the appropriate mode and calibrate keys that will activate the
questionable segments. If they still fail, contact the factory service
center for assistance. Refer to Repair Service.

ST 10 o pH
uu :’&v

M 8888 oc W

Figure 12, Display

Step 2. Are readings erratic?

In the event of a malfunction, verify that air bubbles have not stopped
the diffusion of electrode solution at the junction. Five complete
counterclockwise turns of the Priming Knob should purge the electrode
solution tubing of all air bubbles. Air bubbles are the most common source
of clectrode malfunction.

Step 3. Is it the meter or the electrode?

Verify that the meter is operating properly by zeroing the instrument with
a steel paper clip as described in Part 2, Millivolt Zeroing, The meter
is the least common source of error. If the meter zeros, the mest nrob-
able source of error is the clectrode.

}
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Step 4. How to check the electrode.

1. Visually inspect the clectrode for air bubbles in the reference junc-
tion and glass bulb. Air bubbles in either location will cause the
electrode to malfunction. To remove air bubbles from the reference
junction, use the Priming Knob to dispense additional clectrode solu-
tion. To remove air bubbles from the glass bulb, shake the elec-
trode down as you would a clinical thermometer.

2. Visually inspect the glass bulb for cracks or breakage. The elec-

trode must be replaced if the glass bulb is cracked or broken.

3. Is the clectrode solution flowing through the reference junction? Im-
merse the glass bulb in the electrode tip in a glass beaker of clear
waler and dcpress the Dispenser Button. You should see electrode
solution falling from the clectrode tip to the bottom of the beaker.

If the clectrode solution tubing is plugged, use a syringe attached
to the clectrode solution tubing coninector to force air through the
junction. Or, soak the probe in warm water.

4. Check the clectrode electrical connections. Place the electrode in
a solution of known pH. Gently flex the cable at the top of the elec-
trode and at the BNC connector. Erratic readings at this point in-
dicate a poor cable conncction. The electrode must be replaced.

OTHER POSSIBLE CONDITIONS

DISPLAY

The display shows only partial digits, behaves in an crratic manner or
if the instrument cannot be turncd off with the power switch. Correct
by removing the battery for a few scconds while the meter is on to restore
the factory-set default conditions. If the condition persists, contact the
Hach Factory Scrvice Center.
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SLOW RESPONSE

Low ionic-strength samples will cause a slower than normal response
time, perhaps up to three minutes, in weakly buffered solutions from 102
M bulfer 1o pure water. Conventipnal electrodes with porous junctions
may require up to 40 minutes in similar low jonic-strength solutions. Clean
the electrode glass bulb with a soft brush or towel. The glass bulb is
casily scralched impairing electrode response. Therefore, clean careful-
ly. Remove organic material from the electrode with acetone or alcohol.
If acetone or alcohol is used, soak the electrode in deionized water for
at least 30 minutes to quiet electrdde response.

Response time may slow temporarily when the ionic strength of the
measured solution changes greatly. The response time may be faster if
the electrode is conditioned prior to use in a solution of approximately
the same ionic strength. The length of time required to condition the elec-
trode for different-applications must be determined by the user. Two signs

that conditioning is necessary are a probe indicator that flashes longer -

than usual and/or a slow drifting measurement over time. Drift-may be
duc to volatile acids or bases in the sample, or absorption of atmospheric
carbon dioxide, sulfur dioxide and ammonia.

INCORRECT TEMPERATURE READINGS

Verify the temperature probe is connected to the meter. Unplug the
QA lemperature probe and enter the desired temperature manually.
~ Other alternatives would be to replace the clectrode or
7y substitute a separate temperature probe. If the °C flashes when
the temperature probe is plugged in, the probe is defective.

Either replace the probe or input the correct temperature with the Edit keys.

It the problem is still unknown, contact the Hach Factory
Service Center, 800-247-3990.
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PART 5. SERVICE

REPLACEMENT ITEMS AND ACCESSORIES
REPLACEMENT ITEMS
Description Cat. No.
Portable Hach One pH Meter, Complclc Kit 43800-00
Hach One Combination pH Elcctrode 44200-51

with Temperature Sensor, BNC Connector and (36") Cable

Electrode Solution Cartridge 21950-01
Beaker, 100 mL (2 required) 22994-42
Battery, 6 volt J type 43816-00

or Duracell #7K67, Varta l4018'l‘ Evcrcady #539
Buffcr Powder Pillows, pH 4.01 (red) and pH 7.00 (ycllow) 22992-64
10 cach

Instruction Manual ' 43800-88
Clipper, Large _ ) 968-00
Carrying Case 43818-00

OPTIONAL REAGENTS
Buffer, Powder Pillows

pH 401, 50/pkg*, color-coded red 22269-66
pH 500, 15/pkg 14097-95
pH 6.00, 15/pkg 14055-95
pH 6.86, 15/pkg 14098-95
pH 700, 50/pkg®, color-codcd ycllow 2220-66
pH 800, 15/pkg 14097-95
pH 9.00, 50/pkg* 14107-66
pH 9.18, 15/pkg 14102-95
pH 10.00, 50/pkg*, color-coded blue 22711-6
Buffer Solutions :
pH 4.00, 473 mL (pt)*, clear solution 1222311
pH 4.00, 473 mL (pt), color-coded red 22834-11
pH 700, 473 mL (pt)*, clear solution 12222-11
pH 700, 473 mL (pt), color-coded yellow 22835-U1
pH 1000, 473 mL (pt)*, clcar solution 12221-U
pH 1000, 473 mL (pt), color-coded bluc 22836-11
Hydrochloric Acid Standard Solution, 14812-16
NN 04K ml (o
' wder Pillows 14345-98
i Solution, 191-16

ccer vizes are available,



OPTIONAL APPARATUS
BNC Shonting Cap
Demineralizer Bottle, 177-mL (6 oz)
Hach One Combination pH Electrode
with BNC Connector and (36”) cable
without Temperature Sensor
Ion Selective Electrodes
Complete Fluoride Analysis Package
Hach Fluoride Electrode, BNC Connector
Requires Hach One Reference Electrode
Hach Sodium Combination Electrode,
US Suandard Connector
Hach Nitrate Electrode, US Standard Connector
Requires Double Junction Reference Electrode
US Standard to BNC Adapter for
Sodium and Nitrate Electrodes
Rack, with 10 sample bottles and closure
Scoop, Measuring, 3.5 cc
Spatula, stainless steel
Sainless Steel Temperature Probe

316 stainless steel, thermistor sensor, interchangeable.

Includes BNC shorting cap.
Thermometer, armored, -10 10 100°C
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19024-00
14299-00
44300-51

13034-01
44500-01
44250-00
21674-00

22339-00
22558-00
18809-00

18614-00
17044-00
561-62
43976-00

1877-01

HOW TO ORDER

Mail Orders

Hach Company World Headquarters
PO. Box 389

Loveland, Colorado 80539 U.S.A.

Telephone Orders

Toll-free number: 800-227-HACH in coatinental U.S.A., Pucrto Rico,
Hawaii and U.S. Virgin Islands. In Alaska and Canada, call collect:
303-669-3050. (Canadians should ask for the International Sales
Department.)

For bulk quantitics and custom chemical products
Toll-free number: 800-247-3990 (In lowa, call 515-232-2533)

For factory scrvice sce Repair Service section.

For all other questions not related to ordering or service contact:
HACH WORLD HEADQUARTERS

Toll-Free: 800-227-HACH (Contincntal U.S.A.)

(In Colorado and Outside Continental U.S.A. 303-669-3050.)

TWX (TELEX) ORDERS 910-930-9038 (HACH LVLD)

Please specify:

Catalog number

Brief description of item

Quantity and size

Shipping addrcss

Billing address

Purchase order number

Your name and phone number
Call or writc for {rce quotations.
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REPAIR SERVICE

If you need factory service on your instrument, please write or cali the
Hach Factory Service Center first for instructions, call toll-free

800-247-3990.

Hach Factory Service Center

100 Dayton Ave.

P.O. Box 907

Ames, [A 50010

(515) 232-2533 (lowa)

Regional Service Offices
57th St., Lindbergh Pkwy.
PO Box 389

Loveland, CO 80539
(303) 669-3050

Hach Company

7854 Browning Rd.
Pennsauken, NJ 08109
(609) 662-0034

Hach Company

190! Production Rd.
Fi. Wayne, IN 46808
(219) 482-3015

Hach Company

2046-1 West Park Place
Stone Mountain, GA 30087
(404) 498-0511

Hach Company
46711 Fremont Blvd.
Fremont, CA 94538
(415) 651-1120

Hach Company

13003 Southwest Freeway Suite 150
Stafford, TX 77477

(713) 240-8066

WARRANTY

Hach warranis ihc Hach One pH Meter and the Hach One Combination
Electrode against defective materials or workmanship for one year {rom
the date of shipment. Warranties do not apply to limited life components

such as batterics.

Hach’s Terms and Conditions of Salc are printed on the back of Hach
invoices.

CLAIMS

We take extreme care to fill and pack orders properly. If errors or damages
do occur, report shipping damage to the carrier immediatcly and contact
the Hach Factory Service Center as soon as possible (always within two
weeks of receipt).

RETURN OF ITEMS

Authorization must be obtained from Hach before retumning items for
any reason. For credit or replacement, call toll-free 800-247-3990. All
“Freight Collect” shipments of returned merchandise must be refused.

LIMITS OF USAGE

Our chemicals are offered for laboratory and manufacturing use ONLY.
They may not be used as drugs, cosmetics or food additives.

If you are located in Canada, Latin America, the Caribbean, the Far East
or the Pacific Basin, please contact Hach Company, World Headquarters,
PO. Box 389, Loveland, Colorado 80539, U.S.A.. Telephone (303)
669-3050, TWX (Telex) 910-930-9038. Customers located in Europe, the
Middle East or Near East, or in Africa, please contact Hach Europe,
S.A./N.V., B.P. 51, B5000 Namur 1, Belgium. Telephone (081)44.53.81,
Telex 846-59027.
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APPENDIX A

THEORY OF pH MEASUREMENT

Technically, pH is a measure of the hydrogen ion activity in a solution
and is defined as: -logy ay+ where ay. is the activity of the hydrogen
ion. Practically, this means that at pH 0, the hydrogen ion concentration
is 1 X 10" times greater than at pH 4. This also means the hydroxyl
ion concentration at pH 14 is 1 X 10" times greater than at pH 0. When
the hydrogen and hydroxyl ions are present in equal numbers (the neutral
point), the pH is 7. pH values from 0 to 7 are termed acidic and those
from 7 to 14 are termed basic. It is important to note that a pH change
of one unit (for instance from pH 6 to pH 7) actually is a factor-of-10
change in hydrogen ion concentration.

The glass membrane of a pH clectrode responds to the hydrogen ion ac-
tivity by developing an electrical potential at the glass/liquid interface.
Al a constant temperature, this potential varies linearly with the pH of
the solution being measured. The change in potential per pH unit is termed
the slope of the electrode. The slope of the electrode increases lincarly
with temperature,

Potential inside the pH electrode is fixed by the filling solution, and the
reference clectrode poltential is constant. For these reasons, any change
in the potential of the electrode system at a given temperature will be
due to changes in the pH of the solution being measured.

Effects of temperature on pH measurements depend on the reference elec-
trode uscd, pH of the solution within the pH clectrode and pH of the
test solution. At a certain pH, temperature will have no cffect on the poten-
tial of the electrode system. This is known as the isopotential point. Also,
at some pH level, the system will exhibit no potential. This is known
as the zcro potential point. Both the isopotential and zero potential points
arc features designed into electrodes. Hach electrodes are designed so
the isopotential and zero potential points are at pH 7 to minimize
tempcrature cffects at this calibration point.

CONVENTIONAL ELECTRODE DESIGN

Elcctrodes used in pH measurement usually consist of a glass half-cell
and a reference half-cell. The glass half-cell is a thin glass ~rrtrane
scparating two solutions. The outer solution is the

The internal solution is enclosed with the glass i

known pH. An clectrical potential difference appe.:.

solutions. A second half-cell, or reference cleet: -

sample solution is necessary ta complele measurci..

pasare

¢ ——

iy

The function of the reference half-
cell is 1o maintain a constant poten-
tial with respect to the sample solu-
tion regardiess of any change in
ionic strength or pH of the sample.
Thus, the reference half-ccll main-
tains constant potential to act as a
reference standard and the glass o

half-ccll has a potential difference _ by It
depending on the pH of the sample i,
solution. Glass and reference half-

cells may be contained in two

scparate enclosures or electrodes,

or they may be combined into 2 (i eea
single enclosure and called a com- e
bination clectrode; see Figure 13.

Most clectrode pH measurement
problems are rclated to the failure
of the reference half-cell to main-  wass ecmone | {1
. . SAs

tain constant potential. The prob- .
lem is most obvious when making  Figure 13. Conventlonal Eiectrode

pH mcasurements on two samplc solutions with a great difference in ionic
strength. An example would be when a pH meter is calibrated with buf-
fers of high-ionic strength and followed by measurement of a low ionic-
strength sample, such as drinking water. The problem also exists in less
extreme cases but errors in pH measurement result just the same. Figure
14 shows the variation in junction potential with log buffcr strength for
an aged Hach Onc and an aged porous ceramic junction electrode. The
Hach Onc maintained a ncarly constant potential, but the conventional
clectrode varicd up to 32 nV as the sample changed from normal strength
buffer to pure water. At 58 mV/decade this change would result in a dif-
ference of 0.5 pH units. To maintain a constant potential, the reference
half-cell contains a concentrated salt solution, commonly potassivin
chloride (KCl). The refercnce solution must be able to flow frecly to the
sample from the half-ccll via diffusion or through a flowing junction.
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Flgure 14. Junction Potentlal Compared to Butfer Strength

CONVENTIONAL POROUS CERAMIC JUNCTION

0 5 10 15 20 25 30 35
JUNCTION POTENTIAL (mV)

The porous junction of a conventional reference half-cell is made of
ceramic or fiber. With time, the junction will become clogged with silver
chloride or contaminants, causing large variation in the junction poten-
tial. In addition, reference solution can be contaminated or diluted by
back diffusion of sample into the junction. Particulate contaminants may
be introduced into refillable electrodes in the filling solution. Clogged
or louled junctions can causc drift along with inaccurate, noisy, erratic
and sluggish pH measurements. The performance of conventional porous
junctions deteriorates as they age because of clogging.

Hach One Electrodes solve this clogging problem becruse they use a con-

tinually renewed liquid junction; sce Fi~:- = cetic o
fiber plug to become clogged. The frec ! ~xn
to give the most accurate results beea alion
potential,

et

wa 5 IRl

rIKEI.EC"IOLY'I’E
TUaE Fanas

DISPENSER
SHIELDING
SILVER-
SILVER CHLORIDE
REFERENCE
ELEMENT
FREE-FLOWING
REFERENCE
JUNCTION
GLASS
ELECTRODE
BULB

Flgure 15, Hach One Combination pH Electrode

If the junction potential changes with the sample’s ionic strength, the
changes are read as part of the potential due to the hydrogen ion activity.
This can causc an error in the pli reading. Figure 16 shows an aged con-
ventional porous ccramic junction clectrode (top) cquilibrated in deionized
water until a sicady reading was obtained. The ionic strength was chang-
ed by adding a ncutral salt, KCl. The apparent pH rcading changed by
0.4 pH units. In the bottom graph the samc electrode was retested, but
with the reference clectrode replaced by an aged Hach One reference clec-
trode. Addition of KC! has little cffect on the pH rcading because the

reference junction is stable.
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CONVENTIONAL POROUS
CERAMIC JUNCTION ELECTRODE

HACH ONE

Flgure 16. Inflluence of lonlc Strength on pH Electrode

CHECKING ELECTRODE RESPONSE

The proper electrode response is relatively easy to check. Begin with
a 6.86-pH buffer prepared by adding 3.388 grams of K,POy4 (potassium
phosphatc, monobasic) and 3.533 grams of NayHPO,4 (sodium phosphate,
dibasic) to deionized water and dilute to one liter, Or, dissolve the con-
tents of one Hach Buffer Powder Pillow (Cat. No. 140987) to 50 mL of
dcionized walcr. Label this solution A,

Pipet 5 mL of solution A to a mixing cylinder and add deionized water
for a total volume of S0 mL. Label this solution B, Solution B is a 1-in-10
dilution of solution A.

Usc solution A as the first buffer to calibrate the pH meter at 6.86 pH,
25°C.

Usc a sccond buffer at pH 4.01 to calibrate the meter. The 4.01 pH buf-
fer may be prepared by adding 10.12 grams of potassium hydrogen
phthalate (potassium acid phthalate) to deionized water and diluting to
< liter. Or, dissolve the contents of one Hach Buffer Powder Pillow
(Cat. No. 22269) in S0 mL dcionized water.
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Theroughly rinse the electrode(s) wi

< \.-) - HR

solution B. If the refcrence junction is functioning properly and junction
potentials are well-behaved, the meter should read 7.06 + 00L. In one
recent study conducted by John Illingworth * 30 electrodes were selected
at random from seven laboratories. Twenty-four of the electrodes failed
the test. Hach researchers found similar results. Errocs as large as +£0.5
pH units were observed among older combination ceramic junction elec-
trodes. Of the clectrodes tested by Hach, only the Hach One Combina-
tion pH Electrode gave the correct pH value.

INFLUENCE OF IONIC STRENGTH
INingworth also reported changes in sample ionic strength caused large
pH crrors in used combination elecctrodes.

He found a varying junction potential gave rise to an error of 0.2 pH
per ten-fold change in buffer strength. Davison and Woolt tested elec-
trodes with various dilute solutions and natural waters and found errors
up to 2.6 pH.

A simple test demonstrating the influcnce of ionic strength on pH measure-
ment is performed as follows.

1. Calibrate the electrode(s) as outlined in the above Checking Elec-
trode Response section.

2. Place the clectrode into 250 mL of stirring deionized walcr and allow
the clectrode response 10 stabilize. Note the pH reading.

3. Add 50 mg of ultrapure solid KCI. Allow the electrode response
to stabilize. Note the pH reading.

*Illingworth, John A., “A Cominon Source of Error in pH Mcasurements.” Dinchemical
Journal (1981) 195, 259-262. To receive a free reprint write or call Hach and ask for lucrature
number 6061,

tDavison, W.; Wmf,.C., * Performance Tests for the Mcasurement of pll with Glass Elec-
trodes in Low ionic-sticngth Solutions Including Natural Waters," Analytical Chenustry

pey €7 21€£7 )¢
{19853, 57, 2567-25°K)
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The addition ol the KCl changes the sample from a low ionic-strength
solution to a moderate ionic strength solution. In one studyt the above
test was performed with the Hach One and other conventional elecirodes.
After the addition of the KCI, the Hach One stabilized at the same level
as before the addition of KCI. Porous junction electrode potentials decreas-
ed by as much as 0.42 pH (25 mV); see Figure 16. The addition of ultrapure
KCl 10 deionized water provides a quick, casy-to-perform performance
check of the reference junction in an electrode. If the junction is allow-
ing adequate flow or diffusion of electrode solution, the potential will
change very little upon addition of KCI, less than 0.08 pH (5 mV), The
Hach One is designed to provide junction potential stability, giving more
accurate measurements, especially with low ionic-strength samples. Try
this test with conventional porous junction electrodes aﬂcr they've been
in use for a few weeks!

tKopelove, Alan B.; Franklin, Stanley J., submitied for publication, **Performance Tests
of Reference Junctions in Combination pH Electrodes,” ach Company, Loveland, Colo.,
1986
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APPENDIX B

RAINWATER AND ULTRAPURE WATER

The Hach Onc is ideally suited for rainwater and ulirapure water pH
measurements. This procedure consists of three parts, calibration, con-
trol and measurement, in that sequence.

The electrodes should be conditioned in deionized water when not in use.

CALIBRATION

1. Calibrate the instrument by follwing instructions in Pant 3, pH
Calibration. Two buffer solutions are recommended (for instance,
pH 4.01 and pH 7.00).

Use cither Hach Powder Pillows or National Burcau of Standards
(NBS) Standard Reference Materials.

SRM 185¢ (pH(s) 4.004 at 25°C) and SRM 1861¢/18611c (pH 6.863(s)
at 25°C) are available for purchase from:

Office of Standard Relcrence Materials, NBS, Washington, DC
20234

CONTROL (OPTIONAL)

2. If required, clectrode performance and calibration can be verified
with rainwater reference samples such as NBS Simulated Rainwater,
Reference Matcrial 8409.

a. Insert the electrode(s) into a clean 50-mL beaker containing 10
to 20 mL of the prepared rainwater reference solution.

b. Dispensc clectrode solution and gently swirl or stir the sample.
Stirring the sample continuously is recommended.

c. When the rcading has stabilized, record the pH value. Calculate
the difference between the assigned pH value of the reference

*a wnd ot eweacured value. The difference should be less

«at the calibration and control sequence.

67



|
am
~

SOIL pH
Buffer pH, Limc Requircment
Using Lime Requircment Buffer 1 Powder
For 1:2.5 Soil Slurry

3. Rinse electrode(s) thoroughly with deionized water.

4. Insert the electrode(s) into a clean 50-mL beaker containing 10 to
_20 mL of sample. The glass bulb and junction tube must be
tmmersed. CALIBRATION

5. Dispense electrode solution and gently swirl or stir the sample. I.  Calibrate the instrument by foltc;Wihg instructions in Part 3, pH
Calibration. Two buffer solutions are recommended (for instance,

6. Record the pH val L i ili i
ecord the pH value after the reading sabilizes. This may take pH 4.01 and pH 700),

several minutes. Record the sample temperature and report it along
with the pH.
7. The Hach OK.lc Electrode can be conditioned for low ionic-strength MEASUREMENT
samples by immersing the electrode tip in deionized water and

minimizing exposure (o concentrated solutions such as buffers. 2. Fill a 3.5-cc scoop with screened soil, tap the handle to sculc the

soil and strike off the excess with a spatula. Transfer two scoopfuls
. of each soil sample to bottles with screw caps; sce Note A. Fill cach
Reagents and Apparatus, See Pant 5, Replacement Items and Accessories. bottlc to the 25-?:11. mark with deionized vgatcr. Cap the bottle and
shake for 30 seconds. Allow the sample to stand for at least 10
minutes after shaking.

3. Immerse the electrode in deionized water. Depress the DISPENSER
BUTTON once to dispense reference solution. Then, immerse the
clectrode in the sample and stir briefly. Read the sample pH on the
meter. This rcading is the soil water pH (pHw); see Note B.

4.  Add the contents of one Lime Requirement Buffer | Powder Pillow,
Cat. No. 14345-98, 1o the sample bottle. Cap the bottle and shake
for 30 seconds. Allow the sample to stand for 10 minutes.

5. Immerse the clectrode in deionized water and depress the
DISPENSER BUTTON once to dispense reference solution. Then,
immerse the pH electrode in the sample bottle, stir bricfly with the
clectrode and read the meter. This reading is the soil buffer pH
(pHb).

6.  After =annle measurement, rinse the clectrode with deionized water
slectrode. Sce Part 3, Maintenance, for proper storage.
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7. Consult the Lime Pequirement Table to find the limestone recom- NOTES
mendation corresponding to the buffer pH of each soil; see Note C,
A. Use round bottles with screw caps and a capacity of at least 30 mL.

' ’ Prior to the test, use a 25-mL graduated cylinder and add 25 mL
Lime R“l“hf ement Table: Pure Limestone (as CaCOj) Required of deionized water w0 each bottle and mark the 25-mL level in the

. bottle. A special shaker rack and 10 sample bottles, Cat. No.
Buffer pH Tons/Acre—8” Depth 18614-00, arc available from Hach.
To pH 7 To pH 6.5
6.8 0.1 0.1 B. If the soil water pH is 6.5 or higher, there is no need o conduct
gz (l); (1)(6) the buffer pH test because the results will be meaningless.

. 6.5 1.9 1.6 C. Table values are based on pure, fine CaCOj. To determine the re-
6.4 2.7 23 quirement of agricultural limestone or other liming materials, divide
6.3 3.4 d 2.9 the table value by the CaCO; assay percentage of the liming matcrial
6.2 4.2 3.6 bcing used.

6.1 5.1 4.3
6.0 5.7 4.8
g g 2; 21 Reagents and Apparatus, See Part 5, Replacement Items and Accessorics.
5.7 8.4 7.1
5.6 9.1 1.7
55 9.8 8.3
5.4 10.7 9.1
5.3 1.5 9.8
- 5.2 12.4 10.5
5.1 13.1 11.1
5.0 13.9 11.8
4.9 14.7 12.5

Hach Onc is a Hach Company trademark.
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TABLE 1-1 cont.

Recharge time from Full recharge - 12 to 14 hours
full discharge

Recharge current Max 0.4 amps at 15 V DC
Battery Charger Power 120 V AC, single phase, 50-60 cycle,
105 Amps N

NOTE: * When equipped with 10.2 eV Probe with SPAN set at 6.8
and measuring benzene. Values will vary for other
compounds and conditions.

./
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SECTION 2
OPERATION

INTRODUCTION/UNPACKIKNG

Unpack the instrument carefully. The carton will contain
the housing, straps, battery charger, additional probes,
regulator and cylinder if ordered, spare parts, supplies and a
manual. Be sure all items are removed before discarding the
carton.

Attached to the instrument is a warranty card which should
be filled out completely and returned to HNU Systems.

CONTROLS AND INDICATORS

The controls and indicators are located on the front panel
of the readout assembly (see Figure 2-1) and are listed and
described in Tables 2-1 and 2-2,

* OPERATING PROCEDURES

The following procedures are to be used in operatlng the
analyzer:

a. Unclamp the cover from the main readout assembly.

b. Remove the inner 1id from the cover by pulling out the
two fasteners.

¢. Remove the probe, handle and cable from the cover.
Attach the handle to the front part of the probe.

d. Connect the probe cable plug to the 12 pin keyed socket
on the readout assembly panel. Carefully match the
alignment slot in the plug to the key in the connector.
Screw down the probe connector until a distinct snap
and lock is felrt.

e. Screwv the probe extension into the probe end cap.
The probe may be used without the extension if desired.

f. Set the SPAN control for the probe being used (10.2,

9.5, or 11.7 eV) as specified by the initial factory
calibration or by subsequent calibrations.

'PAGE 2-1
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SECTIOR 1.2, EQUIPMENT DESCRIPTION cont.

The PI 101 is designed for use with interchangeable probes
with lamps of different energies. The analyzer is ready for use
simply by connecting the probe to the readout assembly, setting
the proper SPAN pot value, and then zeroing the unit. Specific
data is given in the calibration memo accompanying each probe.

The standard probe uses a 10.2 eV lamp. Two optional
probes use 9,5 and 11.7 eV lamps. Lamps of different eV
ratings, ion chamber and amplifiers are not interchangeable
between probes.

Many applications make use of the principle that some
compounds respond to the more energetic lamps and not to others.
Figure 1-2 shows the responses for the analyzer with ezch of the
three lamps. Literature explaining several such applications is
available from HNU Systems Inc.

An optional audible alarm is available giving an 85 decibel
signal when a set concentration is exceeded. The alarm setting
is variable and can be set from O to 100% of full scale of the
meter reading. Power for the alarm is provided by the battery
and does not significantly affect the rated use time of the
analyzer. The alarm is non-latching and is set by a screw
ad justment, preventing inadvertent changes.

When in the stored condition, the probe is contained in the
instrument cover (see Figure 1-3) which attaches to the readout
assembly to form a single unit (see Figure 1-4).

An optional recorder is available that can be directly

. attached to the readout assembly. It uses impact paper with a

2" wide chart and a speed of 2"/hour. The recorder is powered
by the instrument battery and provides hard copy of the data.
The analyzer will operate for approximately 4 hours with the
recorder attached. Mounting information and illustration 1is
given in Section 8.

Specification data on the analyzer is given in Table 1-1.

Physical characteristics of the equipment are given in Table
1-2.

PAGE 1-3



e rmemaes me e o e

TABLE 2-1

CONTROLS

Position

@ e - ———— A = tee s S wmAT S mgms - W4l e e A e e e S e e e e - e

Function

Function Switch

W

ZEROQ

OFF

BATT
(battery check)

STANDRBY

NOTE: See Figure 2-1 for locations.

Controls the operation of
the analyzer

All operations OFF

Checks the condition of

the battery. If the meter
needle is in the

green arc, the battery is
charged. If not the
battery should be
recharged. Charging can be
done in any position, best
in OFF; see directions on
charger.

All electronics ON,
ultraviolet (UV) light
source OFF. This position
conserves power and extends
battery life. This
position is used to set the
analyzer zero position.
(i.e. no UV light, no
signal)

Sets range of meter at
0-2000 ppn.

Sets range of meter at

Sets range of meter at
0-20 ppm.

With the function switch in
STANDBY position, this
potentiometer is used to
adjust the reading to zero.



INSTRUMENT COVER .
- (FOR STORAGE OF

PROBE)

PROSE EXTENSION

w

-t

FIGURE 1-3
PROBE STORAGE
INSTRUMENT COVER

PUSH FASTENERS

|

)

Repeated storage of prode in this manner
is not recommended due lo cable wear.

Instrument cover may also be used lor storing
batlery charger.
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TABLE 2-2
INDICATORS AND DISPLAYS

Name . Function

Low Battery Indicator Light Illuminates when battery is
(red light) . discharged, indicates need for
(see NOTE) recharge.

Do not use.unit when this
light is On.

Readings may be taken while
battery is being recharged.

Meter (see NOTE) Indicates concentration of
. measured gas.

Recorder (optional) Provides a record of readings
(see Figures 2-1 And 8-3) while analyzer operates
-\ L unattended.
) Recorder inputs 0 to -5 V DC.

NOTZ: See Figure 2-1 for locatiorns,.

N
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TABLE 1-1

SPECIFICATION DATA

a. DESIGN FEATURES

b.

Range settings
Lamp rating

Audidble alarm, -
low or high limit
(coptional)

CHARACTERISTICS (see NOTE)

Detection Range *

Minimum Detection Level *

Maximum Sensitivity ¥

a
K

Repeatability * \
Linear Range *

Useful Range *
Response Time

Anbient Humidity
Operating Temperature,
Anbient

Operating Time on

Battery, continuous use,
without HNU recorder

with HNU recorder
(optional)

\

0 to 20, 200, 2000 ppm
(other ranges available on request)

10.2 eV standard,
9.5 or 11.7 eV optional

85 db at 3

0.1 to 2000 ppnm
(parts per million by volume)

0.1 ppm

O to 20 ppm FSD at SPAN = 6.8
(full scale deflection)

O to 2 ppm FSD at SPAN = 0.0
+/- 1% of FSD

0.1 to 400 ppm

0.1 to 2000 ppm

Less than 5 seconds to 90% of FSD

up to 907 RH (relative humidicty)
-10 to 40 degrees C.

Approximately 10 hours; at lower
temperatures time is reduced due
to effect of cold temperature on
battery.

Approximately one half of normal
time
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OPERATING PROCEDURES cont,

The analyzer is now operational,

Hold the probe so that the extension is at the point
wvhere the measurement is to be made. The instrument
measures the concentration by drawing the gas in at the
end of the extension, through the ionization chamber,
and out the handle end of the probe.

The instrument measures gases in the
vicinity of the operator and a high reading
when measuring toxic or explosive gases,
should be cause for action for operator
safety.

Take the reading or readings as desired taking into
account that air currents or drafts in the vicinity of

the probe tip may cayse fluctuations in readings.
Change the ranges as required.

Check battery condition as required., If the Low Battery
Indicator comes on, turn analyzer off and recharge.

Use only in an emergency with a low battery
when on battery charge.
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TABLE 2-1 cont.

SPAN - This vernice
is used to
the amplif:
direct reac
trace gas <
in ppm. T}
of the sert!
the window
decimal ap;
dial. A 1«
at a speci:

HI-VOLTAGE ——— This is a :
microswitc:

Open Switch is og
not connecte
high voltage
from the 12
as a safety

Closed Switch is
closed whe:
attached.
This switc:
closed man:
maintenanc:
of the rea:
without th:
attached.

ALARM SET —-—— Potentiome-

(optional) , driver adj
Turns the
or OFF and
level at w!
sounds. 1.
limic, it
measured p
this value
hign limit
neasured p
value.

NOTE: See Figure 2-1 for locations.
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SECTION 2.3, OPERATING PROCEDURES cont.

W

r. After completion of use, check battery condition as
described in para. g.

s. Turn function switch to OFF position.

t. When not operating, leave analyzer in assembled
condition, and connected to battery charger.

v. When transporting, disassemble probe and extension from
readout assembly and return equipment to its stored
condition.

v. In case of emergency, turn function switch to OFF
position.

BATTERY CHARGE

Check the battery charge as described in paragrzph 2-3 g
during each period of operation, at least once daily., Ii the
battery is low as indicated by the meter reading or the waraing
indicator, it is necessary to recharge the battery.

To charge the battery, first insert the mini phone plug of
the charger into the jack, J6, on the side of the bezel adjacent
to the meter. Then insert the charger plug into a 120 or 230 V
AC single phase, 50-60 cycle outlet, To ensure that the charger
is functioning, turn the function switch, Sl1, to the battery
check (BATT) position. The meter should deflect full scale if
the charger is working and connections properly made. For
normal battery charging, leave the function switch in the OFF
position.

The analyzer can be operated, however, while recharging by
turning the function switch to the desired position. Such usage
will extend the time required to completely recharge the
battery. The battery charger is not Div., II approved.

NOTE: On all Sira approved PI 10ls it is necessary to connect
the probe assembly before turning on the instrument and
re~charging. Without following this procedure the
instrument will not show battery check.

PAGE 2-8
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SECTION 3
CALIBRATION
INTRODUCTION

The PI 101 Analyzer is designed for trace gas analysis in
ambient air and is calibrated at HNU with certified standards of
benzene, vinyl chloride and isobutylene. Other optional
calibrations are available (e.g., ammonia, ethylene oxide, H2S,
etc.). Calidbration data is given in the data sheet. If a
special calibration has been done, the data is given in the
Application Data Sheet, which notes the sample source, type of
calibration (see Section 8, Appendix), and other pertinent
information. _

Good instrumentation practice calls for calibration on the
species to be measured in the concentration range to be used.
This procedure assures the operator that the analyzer is
operating properly and will generate reliable data.

Some general points to consider when calibrating the PI 101
are that the analyzer is designed for operation at ambient
conditions and therefore the gas standards used for calibration
should be delivered to the analyzer at ambient temperatures and
pressure and at the proper flow rates.

The PI 101 is a non-destructive analyzer; calibrations using
toxic or hazardous gases must be done in 2 hood.

The frequency of calibration should be dictated by the
usage of the analyzer and the toxicity of the species measured.
If the analyzer has been serviced or repaired, calibration
should be done to verify operation and performance. "It is
recommended that calibration be checked frequently at first
(daily or every other day) and then regularly based on the
confidence level developed.

The normal meter scaleplate is O to 20. If the scaleplate
is different, refer to the Application Data Sheet. If there are
questions, consult the HNU representative before proceeding with
calibration check.

An accurate and reliable method of calibration check is to
use an analyzed gas cylinder in a test setup as shown-in Figure
3-1 and described below. Additional material on calibration is
given in Section 8, Appendix.

ANALYZED GAS CYLINDER

a. Concentration - The calibration gas cylinder is to
contain the species of interest made up in an air matrix
at or near the concentration to be analyzed. If the
component is unstable in air, another matrix is to be
used. The final calibration mixture should be similar
to the sample the PI 101 will analyze, If the expected
concentration is not known then a concentration should
be chosen that will cause a scale displacement of 50 to
80Z on the X10 range. Calibration on X10 range will
provide accurate values on the X1 range as well,

PAGE 3-1
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SECTION 3.2,

ANALYZED GAS CYLINDER cont.

For use on the 0-2000 range, a two-standard
calibration is preferred: one at 70 to 85% of the
linear range and the other at 25 to 35Z of the linear
range. With the linear range of approximately 600 ppm
for most compounds these points would lie between 420 to
510 ppm and 150 to 210 ppm, respectively.

Stability -~ The calibration gas must be stable within
the cylinder during the period of use. If the
calibration is required in the field, then use of a
small cylinder is recommended. In addition, the choice
of cylinder material in contact with the gas must be
considered (steel, aluminum or teflon)., If there are
any questions, the operator should request stability and
usage information from the gas supplier.

- e - - - -

Extreme care must be taken in the handling
of gas cylinders. Contents are under high
pressure. In some cases, the contents may
be hazardous. Many gas suppliers will
provide data sheets for the mixtures upon
request.

Delivery - The cylinder containing the calibration
mixture must be connected to a proper regulator.

Never open the valve on a gas cylinder
container without a regulator attached.

Leak test all tank/regulator connections as well as the
main cylinder valve to prevent toxic or hazardous
materials from leaking into the work area. Care must be
taken that the materials of. construction of the
regulator will not interact with the calibration gas.

One method of sampling the calibration gas is
illustrated in Figure 3-1. Connect the cylinder to one
leg of the tee, a flow meter to the opposite leg, and
the probe to the third leg. The flowv meter does not
require a valve. If there is a valve, it must be left
wide open. the flowmeter is only to indicate excess
flow. Adjust the flow from the regulator such that only
a little excess flow is registered at the flowmeter.
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RECTION 3.2,

ANALYZED GAS CYLINDER cont,

This insures that the PI 101 sees the calibration gas at
atmospheric pressure and ambient temperature.

Usage - Generally, a gas cylinder should not be used
below 200-300 psi as pressure effects could cause
concentration variations. The cylinder should not be
used past the recommended age of the contents as
indicated by the manufacturer. In case of difficulty,
verify the contents and concentration of the gas
cylinder.

Alternate means of calibration are possible. For
more information, contact the HNU Service Department.

Identify the probe by the lamp label, If a question
exists, disassemble the probe and inspect the lamp. The
energy of the lamp is etched into the glass envelope.

Connect the probe to the readout assembly, making sure
the red interlock switch is depressed by the ring on the
connector.

Set the SPAN pot to the proper value for the probe being
calibrated., Refer to the calibration memo accompanying
the probe.

Check the Ionization Potential (IP) of the calibration
gas to be used. The IP of the calibration gas must be
at or below the IP of the lamp.

Proceed with the calibration as described in Section
3.4, Check the calibration memo for specific data.
If any questions develop, call the HNU representative.

NOTE: The 11.7eV lamp has a special cleaning compound.
Do not use water or any other cleaning compound with the
11.7 eV lamp. Do not interchange ion chambers,

amplifier boards or lamps between probes. (See Section
5.2).

.4 PROCEDURE

a.

Battery check - Turn the function switch to BATT.
The needle should be in the green region. 1If not,
recharge the battery.
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SECTION 4
FUNCTIONAL DESCRIPTION

PRINCIPLE OF OPERATION

The analyzer measures the concentration of trace gases
present in the atmosphere by photoionization. Photoionization
occurs when an atom or molecule absorbs a photon of sufficient
energy to release an electron and become a positive ion. This
will occur when the ionization potential of the molecule in.
electron volts (eV) is less than the energy of the photon. The
source of photons is an ultraviolet lamp with an energy of
either 9.5, 10.2 or 11.7 eV,

The detection process is shown in Figure 4-1, Sample gases
enter through the inlet into the ion chamber and are expaosed to
photons emanating from the ultraviolet lamp. Ionization occurs
for those molecules having ionization potentials near to or less
than that of the lamp.

A positive-biased polarizing electrode causes these
positive ions to travel to a collector electrode in the chanmber.
Thus the ions create an electrical current which is amplified

and displayed on the meter.

This is proportional to the concentration of trace gas
present in the ion chamber and to the sensitivity of that gas to
photoionization.

In service, the analyzer is first calibrated with a gas of
known composition equal, close to or representative of that to
be measured.

IONIZATION POTENTIALS

Gases with ionization potentials near to or less than that
of the lamp will be ionized. These gases will thus be detected
and measured by the analyzer.

Gases with ionization potentials higher than that of the
lamp will not be detected.

Ionization potentials for various atoms, molecules and
compounds are given in Tables 8-1 thru 8-13 in Section 8,
Appendix.

The ionization potential of the major components of air,
i.e., oxygen, nitrogen, and carbon dioxide, range from about
12.0 eV to about 15.6 eV and are not ionized by any of the three
lamps.

Gases with ionization potentials near to or slightly higher
than the lamp are partially ionized, with low sensitivity.

IONIZATION SENSITIVITY .

The amount of ionization of a species of gas exposed to
photons, its sensitivity, is a characteristic of that
particular species. This is illustrated in Table 4-1 for a
number of chemical groupings and in Table 8-14 for a large

Jnumber of individual species when exposed to photons from a 10.2

eV lanp.
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Section 4.3, SENSITIVITY cont.
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The species with the higher values are more sensitive to
the 10.2 eV photons than are those with lower values. For
example, referring to data in Table 8-14, an analyzer calibrated
for benzene, when measuring a sample containing 10 ppm of
benzene, will read 10.0 and when measuring a sample containing
10 ppo of vinyl chloride will read 5.0. This shows the lower
sensitivity of the vinyl chloride. Similar conditions are the
case for the 9.5 and 11.7-eV lamps.

CALIBRATED PROBES AND SELECTIVITY

The standard probe provided with the analyzer contains a
10.2 eV lamp. Optional probes containing lamps of 9.5 and 11.7
eV permit selective determination or exclusion of species.

The probe with the 9.5 eV lamp permits measurement of
species having IP values lower than 9.5 eV in the presence of
interfering species with IP values above 9.5 eV.

The probe with the 11.7 eV lamp permits measurement of
species with ‘-IP values above 10.2 up to aproximately 11.7 eV.

The probes with different lamps are interchangeable in use
within individual readout assemblies for different applications.
The amplifier and ion chamber in the probe are selected for the
specific eV lamp. Lamps of different eV ratings cannot be
interchanged between probes. Examples of,selective application
of these prcbes is given in Table 4~2., Additional applications
of the use of the probes are described in the sections that
follow and illustrated in Figure 4-2, Further examples are
given (without discussion) in Table 4-3., Re-zeroing is
performed after each probe interchange.

10.2 eV PROBE

The 10.2 eV probe is the standard probe used with the Trace
Gas Analyzer. The approximate span settings for a 10.2 eV probe
that would give direct readings of the amounts of trace gas of a
particular species in a sample is given in Table 8-14. for
example, when the span control is set at 4.3 the analyzer will
read 10 ppm when measuring a sample containing 10 ppm of vinyl
chloride. These span settings will vary with the condition of
the lamp. Application of the 10.2 eV probe is illustrated in
examples "a", "b", and "c¢" in Figure 4-2. 1In each case the
trace gas (or gases) is contained in a standard atmosphere.

Example "a" shows the use of the 10.2 eV probe to measure
Vinyl Chloride (IP=9.995) by icself.

Example "b" shows the use of the 10.2 eV probe to measure
Vinyl Chloride (IP=9.995) in the presence of a second gas,
Acetylene (IP=11.4). The acetylene is not ionized and the probe
gives a direct reading of the Vinyl Chloride above.

Example "c" shows the use of the 10.2 eV probe to measure
Isoprene (IP=9.08) by itself. A 9.5 eV probe may also be used
but is less sensitive. the 10.2 eV probe is recommended.

PAGE 4-3



LAMP HI-VOLTAGE

ION CHAMSER .

- e

BIAS ELECTRODE

»

UV LAMP

PHOTONS

~> / GAS OUTLET
. AMPLIFIZR
X s

CINLET

FIGURE 4-1
DETECTION PROCESS

NS
l/

COLLECTOR

Fage-



e e —— - e ——

TABLE 4-2
TYPICAL APPLICATIONS OF INTERCHANGEABLE PROBES

Ionization

potentials Relative Sensitivicy
Compound (eV) 9.5/10.2 eV 11.7/10.2 eV
p-Xylene ' 8.44 0.10 0.104
p-Chlorotoluene 8.70 0.09 0.112
Toluene 8.82 0.09 0.112
o-Chlorotoluene 8.83 ) 0.075 " 0.112
Ethyl Acetate 9.19 0.075 0.112
Benzene 9.24 0.10 0.10
. Methyl Mercaptan 9.24 0.10 0.072
- Pyridine 9.32 0.075 0.122
Allyl Alcohol 9.67 0.10 0.112
Crotonaldehyde 9.88 0.075 0.104
Amyl Alcohol 9.80 0.09 0.116
Cyclohexane 9.88 0.075 0.104
Vinyl Chloride 9.95 0.085 0.112
Butanol 10.94 0.09 0.176
_____ Ammonia 10.15 0.06 0.160
u») Acetic Acid 10.37 . 0.04 0.560
Ethylene 10.52 0.0 0.320
Ethylene Oxide 10.56 0.0 . 0.29¢
Response with 9.5 or 11.7 eV probe
hd Relative sensitivity & —cecmcm o e -
Response with 10.2 eV probe
)
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TABLE 4-1
RELATIVE PHOTOIONIZATION SENSITIVITIES FOR GASES

i

Chemical Relative Sensitivity
Grouping (see NOTE) Examples
Aromatic 10 Benzene, Toluene, Styrene
Aliphatic Apine 10 Diethylamine
Chlorinated 5-9 Vinyl Chloride, Vinylidene
Unsaturated Chloride, Trichloroethylene
Carbonyl 7-9 MEK, MiBK, Acetone,’
Cyclohexanone
Unsaturated : 3-5 ) Arolein, Propylene,
Cyclohexanone,Allyl Alcohecl
Sulfide 3-5 Hydrogen Sulfide,
' Methyl Mercaptan
Paraffin (C5-C7) 1-3 Pentane, Hexane, Heptane
;}Ammonia _ 0.3
- Paraffin (Cl1-C4) 0 B Methane, Ethane

NOTE: Relative sensitivity = meter reading
vhen measuring 10 ppm of the listed gas
with instrument with 10.2 eV probe
calibrated for 10 ppm of benzene, span
pot setting = 9.8 for direct reading of
benzene.
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TABLE 4-3

PROBE APPLICATION EXAMPLES

Application

Recomnended

Styrene (IP = 8.47)
Alone

Hexane (IP = 10.48)
Alone

Formaldehyde (IP = 10,.87)
Alone

Styrene/Hexane
Together

Formaldehyde/Styrene
Together

T ————
e e g S

e oo e vt ¢ - = Tt ==

e ——————— -

10.2

11.7

10,2 and 9.5

Use 10.2 to o«
9.5 to measur:
difference wi:
concentration

10,2 and 11.7
Use 11.7 to ne
10.2 to measur
difference wil
contentration
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SECTION 4 cont,

.6

9.5 V PROBE

Tha 9.5 eV probe is used to measure gases with IP<9.5 when
it is necessary to exclude gases that may be present having
IP>9.5 eV and <10.2 eV. This is illustrated by example "d" in
Figure 4-2. Here a 9.5 eV probe is used to measure Isoprene
(IP=9.08) in the presence of Vinyl Chloride (IP=9.995). .

Gain settings for a 9.5 eV probe to give direct readings for
various species are given in Table 8-15.

11.7 eV PROBE

The 11.7 eV Probe is used to measure trace gases with
IP>10.2 eV but less than 11.7 eV, The use of this probe by
itself is illustrated in example "e". Here the 11.7 .eV probe is
used to measure Acetylene (IP=11.4 eV). The use of this probe
in conjunction with a 10.7 eV probe is illustrated in exanmple
"£'., In this case, two gases are present, Acetylene (IP=11.4&)
and Vinyl Chloride (IP=9.995). The objective is to obtain a
measurement of the Acetylene alone.

The 11.7 eV probe measures the total presence of both
Acetylene and Vinyl Chloride together. The 10.2 eV probe
measures just the Vinyl Chloride, excluding the Acetylene. The
difference between the two readings is the measure of the
Acetylene,

Gain settings for the 11.7 eV probe to give direct readings
for various species are given in Table 8-15.

.EQUIPHMENT DESCRIPTION

The components of the analyzer are located in the probe and
the readout assembly (see Figures 4-3 and 4-4), The ion
chamber, UV light source, amplifier board, and fan are located
in the probe assembly. The battery, the power supply board, and
the meter are located in the readout assembly. The probe and
the readout assembly are connected by an 800 cm (32") cable.

The fan draws gas in through the probe and ion chamber.
The flow rate is approximately 100 cubic centimeters per minute.
Small variations in the flow rate do not affect the -
measurement. A major obstruction to the flow, however, will
prevent proper operation and lengthen response time. The fan
gannot draw a sample from any distance or across a pressure
rop.

The output from the ion chamber is amplified and read out
on the meter.

Voltage for the light source, ion chamber, amplifier and
fan is provided from a DC converter on the power supply board.
The battery provides the source of power for the converter. The
positive side of the battery is grounded.
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Section 4.8, EQUIPHMENT DESCRIPTION cont.

The input signal from the ion chamber enters at connector
P1/J1 (see schematic Figure 4-5), goes to transistor Ql and
amplifier Al. The zero adjustment setting on the control panel
enters thru pins 3 and C on P2/J2, thence to the transistor Ql.

Power for the amplifier enters on pins D and F

_respectively. Span control adjustment from the control panel

enters at pin B, signal output at pin E, and ground connector at
pin J.

The output signal from the amplifier goes thru pin E in the
cable connector P3/J3 to pad 1l on the power supply board, to
the resistor network R39 thru R49, including the adJustable pot
R48. From there it goes to .the meter through the function
switch on the control panel.

Connections from the resistor network through the function
switch serve to set the operating range of the meter. Input to
the span control potentiometer comes from this same network
through the function switch. The output of the span control pot
provides feedback control to the amplifier through pin H on the
cable, pin B on the amplifier board, and feedback resistor RS to
the amplifier input.

Power for the UV lamp, D1, is provided by rectifier
networks containing CR4-© operating from the red and white
terrinals of transformer Tl. Voltage for the lamp (pad 22 on
the power supply board or J3 pin D, Figure 4-6) will be =zs
follows for the several different conditions that may exist,

Condition Voltage, V DC

R e D > . - T W T P S D S e WD G G S S A D G A D D G D S D T e A T R D . e e

Probe connected, lamp -350 to =450
operating properly

Probe connected, lamp not -1100 to ~12QQ
operating properly

Probe not connected, high 0 to -300
voltage switch not depressed

Probe not connected, high -1100 to -1200
voltage switch depressed manually

Power for the ion chamber is provided by rectifier network
CR2 and 3 operating from terminals 6 and 7 of Tl and voltage
regulator Z1. Power for the amplifier is provided by rectifier
networks CR13~16 operating from terminals 4,5 and 8 of TI1.
Power for the fan motor is provided by rectifier network CR18-21
operating from terminals 1, 2 and 3 of transformer Tl.
Conversion of the DC from the battery for input power to Tl is

accomplished by Z2. Power for a recorder is available at
connector J7.
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Section 4.8, EQUIPMENT DESCRIPTION cont.

\
)

D3 provides indication if the battery voltage falls below
the prescribed level of 11.23 V DC. J6 provides for connection
of the battery charger. The six bank switch, Sl, is the
function switch. Microswitch S2 disables the high voltage power
to the cable connector when disconnected.

The alarm board (optional) is connected to the power supply
board by the cable containing connector P6/J6. The amplifier
output signal, pin 9 on P6/J6 (see schematic Figure 4-6), goes
to one input of amplifier Ul (see schematic Figure 4-5).

The output from the alarm set control on the front panel,
pin & on P6/J6, goes to the second input of Ul. The output fro=z
Ul operates the audible alarm through Q3 or Q2. Only one of
these is connected at the factory to give low alarm or high
alarm, respectively, as requested by the user. The alarm will
operate when the signal falls or rises above this threshold.
Reference power for the alarm setting enters the board at pin 2
and power for the amplifier and transistors Ql thru Q3 enters at
pin 5. The battery charger provides 15.0 V DC for recharging.

PAGE 4-11
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SECTION 5
MAINTENANCE

INTRODUCTION

Maintenance of the analyzer consists of cleaning the lamp
and ion chamber, replacement of the lamp or other component
parts or subassemblies.

WAENING: Turn the function switch on the control panel to
the OFF position before any disassembly.
Otherwise, high voltage of 1200 V DC will be
present.

WARNING: Use great care when operating the analyzer with
the readout assembly outside its case due to the
presence of 1200 V DC.

WARNING: Do not look at the light source from any closer
than 6 inches with unprotected eyes. Observe
only briefly. Continued exposure to ultraviolet
energy generated by the light source can be
harmful to eyesight.

CAUTION: Do not interchange lamps of different eV ratings
in a probe. Amplifier and components are
selected for a specific eV lamp. A probe with
the wrong lamp will not operate properly.

UV LAMP AND ION CHAMBER CLEANING

During periods of operation of the analyzer, dust or other
foreign matter could be drawn into the probe forming deposits on
the surface of the UV lamp or in the ion chamber. This
condition is indicated by meter readings that are low, erratic,
unstable, non-repeatable, or drifting, or show apparent moisture
sensitivity., These deposits interfere with the ionization
process and cause erroneous readings. Check for this condition

monthly or as required. Cleaning can be-accomplished as
follows:

a, Disassemble the probe and remove the lamp and ion
chamber (see Section 5.5). Exercise great care in
doing so to prevent inadvertent damage to these
¢omponents.

b. First check the lamp window for fouling by looking at
the surface at an incident angle. Any deposits, films
or discoloration may interfere with the ionization
process. Clean the window as follows:



w

S—

1) 9.5 and 10.2 eV lamps

a) First clean by rubbing gently with lens
tissue dipped in a detergent solution,

b) If this does not remove deposit, apply a small

amount of HNU cleaning compound (PA101534)

directly onto the lens of the lamp and spread
evenly over surface with a non-abrasive tissue

(e.g. Kim-Wipe) or a-lens tissue.

c) Wipe off compound with a new tissue.

d) Rinse with warm water (about 80 degrees F) or

damp tissue to remove all traces of grit or

oils and any static charge that may have

built up on the lens. Dry with new tissue.

e) Reinstall lamp in ﬂetector and check analyzer

operation.

f) If performance is still not satisfactory
replace the lamp. See Section 5.3 and
Section 6.

2) 11,7 eV lamp

a) Clean by putting a freon or chlorinated
organic solvent on a tissue and rubbing
gently.

b) DO NOT CLEAN THIS LAMP WITH WATER OR ANY WAT

MISCIBLE SOLVENTS (methanol or acetone).
It will damage the lamp.

-—
I3
e

¢) DO NOT USE THE CLEANING COMPOUND used for the
9.5 and 10.2 eV lamps under any circumstances

on the 11.7 eV lamp.

Then inspect the ion chamber for dust or particulate
deposits. If such matter is present, the chamber can be
cleaned by removing the outer Teflon ring, and the four
screws holding the retaining ring. Carefully move the
retaining ring aside (NOTE: this is soldered) and remove
“he screen. A tissue or cotton swab, dry or wetted with
methanol, can be used to clean off any stubborn
deposits. The assembly can also be gently swirled in
methanol and dried gently at 50-60 degrees C for
approximately a half hour. No liquid must be present at
reassembly as this would affect the performance. Do not
clean the ion chamber with the HNU cleaning compound
cited above in para. b.1)b).

d. Reassemble the probe and check analyzer operation.

e. If performance is still not satisfactory replace the

lamp. See Section 5.3.

PAGE 5-2
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LAMP REPLACEMENT

To replace the lamp, disassemble the probe, remove the old
lamp, install a new one of the same eV rating and reassenble.

Turn the function switch on the control
panel to the OFF position before
disassembly. Otherwise, high voltage of
1200 V DC will be present.

Do not exchange lamps of different eV
ratings in a probe. Amplifier and
components are selected for a specific eV
lamp. A probe with the wrong lamp will not
operate properly.

Set the SPAN pot to 9.8 for the 10.2. eV lamp. Remove the
readout assembly case (see Section 5.6). Locate the gain
control potentiometer, R48, on the power supply board as shown
on Figure 6-1. Recalibrate the analyzer adjusting this
potentiometer, R48, with a small screwdriver to obtain the
specified ppm reading, leaving the SPAN pot set at 9.8.

For the 9.5 and 11.7 eV lamps see the Application Data
Sheet or calibrations memo for the proper span pot settings and
readings.

Use great care when operating the analyzer
with the readout assembly outside its case
due to the presence of 1200 V DC.

When calibration is accomplished, turn the analyzer OFF and
replace the readout assembly in its case.

Adjustment of R48 potentiometer is used only when a new

lamp is installed. At all other times adjustment is

accomplished using the SPAN control potentiometer.

If calibration cannot be achieved, see Section 6,
Troubleshooting.
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SECTION 5 cont.

5.

-4

5

LAMP SIZE CHANGE

If different applications for the analyzer would require
different size lamps, separate probes, each with its own eV
lamp, must be used. A single readout assembly will serve for
any of the probes. A change in probe will require resetting of
the zero control and the span pot. Calibration should be
checked to verify proper operation.

PROBE DISASSEMBLY/ASSEMBLY

Turn the function switch on the control
panel to the off position before
disassembly. Otherwise high voltage of 1200
V DC will be present.

PAGE 5-4
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TROUBLESHOOTING DATA

Corrective Action

Check fuse. If blown, check
for evidence of shorts in

Symptom Probable Cause
‘1. Meter indicates a. Blown fuse 1)
low battery (Fuse F1l, 2A,
5-3)

b. Bad connections

¢. Broken meter
movenment

- d. Battery dead

e. Battery charge low

2

2. Low battery a. Power supply
defective -
v

3. UV lamp not ON a. High Voltage
: interlock (Micro-
switch S2) at probe
cable connector on
readout assembly
not operating

b. High voltage
supply out or
faulty

PAGE 6-2

1)

1)

1)

1)

1)

1)

1)

wiring, then replace fuse.

Check wiring connec-
tions. Resolder poor or
bad connections.

Tip instrument rapidlvy
from side to side. lMeter
needle should move freelvy,
eand return to zero. If
faulty, replace with new
neter,

Disconnect battery and
check with volt-ohmmeter.
Replace if dead.

Recharge battery, check
meter with function switch
in BATT position to ensure
the charger is operating
properly (see Table 2Z-1,
BATT) ’

Check power supply
voltages (see Table 6-2
and Figure 6-1). If in
error, replace power
supply assenbly.

Check by applying pressure
to switch plunger with
cable in place. Adjust the
screw on side of cable
connector, if required,

to increase throw of

switch plunger.

Check high voltage output
on power supply board (pad
22). 1If voltage not
correct, (see Table 6-~2)
replace power supply
board.

-~ . .
B At o
B
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" TABLE 6-1 cont.

6. Meter does not
return to zero
in STANDBY

7. Meter readings,
high or low

-’

Broken meter
movement

Dirty or open
connections to meter

Dirty or open
connections in probe

Zero adjust faulty

Amplifier faulty

Ion chamber shorted

Incorrect
calibration

Lamp dirty
Contamination in
ion chamber.

Power supply board
faulty

Dirty or loose
connections

PAGE 6-4

1)

1)

1)

1)

2)
1)

1)

1)

1)

1)

See l-c-1 above.

See S5-c-~1 above.

See S5-a-1 above.

Rotate zero adjust pot
(see Fig. 2-1) (RSO, Fig.
4,6). Check pot output at
meter probe connector (J3
pins B and L). 1If voltage
does not vary, replzace
zero adjust pot.

Rotate zero adjust pot.
Check amplifier output

at probe connector (J3 pin
H) or observe meter. If
voltage level on meter

does not respond, replace
amplifier board

Clean ion chamber.

(see Section 5.2 Pecheck

for return to zero in
STANDBY.

Replace ion chamber.

Recalibrate (see Section
3).

Clean lamp (see Section
5.2)

Clean ion chamber.
(see Section 5.2)

Check power supply board
outputs (pads 17, 20 and

22 (Table 6-2)., 1If voltage
not correct, replace

pover supply board.

Clean or tighten
connections at amplifier
board, probe cable, and
meter.
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PIN DATA,

Signal Name

Ground

Span Control Setting
Zero Adjust
Amplifief Power
Amplifier Signal
Zero Adjust Voltage

Zero Adjust Voltage

TABLE 6-
AMPLIFIER
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3
PCB, P2/J2

Voltage (V DC)

varying'
varying

-9.5 to -10.5
0 to -5.0

+18 to +21

varying
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SECTION 8 cont.

UNCALIBRATED OPERATION

Best operation of the analyzer is accomplished by its
calibration for the gas to be measured. In cases where it
becomes necessary to operate with a gas for which it has not
been calibrated and recalibration is not possible, correction
can be made to the meter reading.

One method is by use of a chart. Figure 8-2 is such a
chart. It shows performance curves for various gases being
measured by an instrument with a 10.2 eV lamp and calibrated for
benzene. This illustrates the effect of the different
sensitivities of gases. These curves can be used directly for
correcting a meter reading if the instrument is calibrated for
benzene and is measuring one of the gases shown. For example,
if the gas being measured is Propylene and the reading is 8 ppn,
then the actual concentration is about 20 ppa. .

A second method is to multiply the meter reading by a
correction factor as follows:

PS (Cal gas)
Actual ppm = ppm reading x —-—-—-ece—mee—o—--
PS (Trace gas)

in which

PS is the photoionization sensitivity of each of the two
gases. Table &-14 gives a list of the relative photoionization
sensitivities of a number of specific gases with which the
analyzer might be used. Use of this method is illustrated by
the following examples:

a. Instrument calibrated for Benzene (PS = 10.0)
and measuring Acetone (PS = 6.3)

10.0
Actual ppm = ppm reading x ----
6.3

= ppm reading x 1.6

b. Instrument calibrated for Vinyl Chloride
(PS = 5.0) and measuring Carbon Disulfide (PS = 7.1)

5.0
Actual ppm = ppm reading x ---
7.1

= ppm reading x 0.7

These values are valid only for an analyzer with a 10.2 eV

lamp. Different sensitivities occur with 9.5 and 11.7 eV lanmps.
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SOME ATOMS AND SIMPLE MOLECULES

IP(eV)

13.59¢8
11.264
14,54
13.614
§.14¢
10.357
17.42
13.01
11.84
10.48
15.428
15.580
12.075
14.01
15.13
.25

13.18
18.7
11.48

10.58

TABLE 8.1

N20
NQO2
O3
H20
HaS
H2Se
HzTe
HCN
CaN2
NH2
CH3

CHg

IP (eV)

9.28
15.77
12.74
11.62
10.28
12.34
13.7¢
11.18
10.08
12.¢0
o.78
12.60
12.52
10.¢5
9.88
S.1¢
13.91
13.8
10.15
9.820

12.98

TABLE 8.2

PARAFFINS AND CYCLOPARAFFINS

Molecule

methane

ethane

propane

n-butane

Fbutane

n-peniane

Fpentane

2. 2-¢imethylpropare
n-hexane
2-metnylpentane
3-methylpentane

2. 2-Cimethylbutane
2. 3-cimethylbutane
n-hepiane
2.2.4-trimethyipentare
cycloprogcane
cyclcpentane
cyclohexane

me:nyicyclorexane

IP (eV)

12.68
11.65
11.07
10.62
10.57
10.38
10.22
10.35
10.1€
10.12
1Q0.0€
10.0€
10.02
10.CE
Q.82

1C.0¢€
1C.83
.E8

Q€S



TABLE 8.3 TABLE 8.3 (continued)

ALKYL HALIDES

Molecule 1P (eV) Molecule IP (eV)
HCI 12.74 1-bromoorooane' 10.18
Cly 11.48 2-bromogropane 10.675

CHg4 12.98 1,3-dibromopropane 10.07

methyl chloride 11.28 1-bromobutane 10.13
dichloromethane 11.35 2-bromobdutane g.cg

trichioromethane 11.42 1-bremo-2-methylsrosane 10.C02
tetrachloromethane 11.47 2-bromc-2-mathyipropane Q8¢

ethyl chioride 10.58 1-bremopentane 16.70

1.2-dichloroethane 11.12 HI! 10.28
1-chloropropane 10.82 i2 e.28
2-chloropropane 10.78 methyl iodice ess
1,2-cichloropropane 10.87 ciiodamethzane 9.34
1.3-dichlorooropane 10.85 ethyl iocice 8.33
1-chlorobutane 10.67 1-iodoprooene €.28
2-chlorobutane 10.€5 o 2-iocoprocane eaT
1-chloro-2-methylpropane 10.66 1-iogotutane .21
2-chlorc-2-methylpropane 10.61 : 2-iocobutane o.0¢
HEr 11.62 1-ioda-2-methyipropane c.1&
Bra 10.55 2-iodo-2-methyipropane 2.02
methyl bromide 10.583 1-iodopentane cie
dibromomethane 10.49 Fa 18.7

tibomomethane 10.51 HF 18797

CH2B8rCl 10.77 CFCla (Freon 11) 177

CHBr2CI 10.59 CF2Cl3(Freon 12) 12.31

ethyi bromide 10.29 Cr3Cl (Freon 13) 12.89

1.1-dibromoethane 10.19 ' CHCIF3 (Freon 22) 12.45

1-bromo-2-chloroethane 10.63 CFBra 10.67



TABLE 8.3 (continued) TABLE 8.4

( ALIPHATIC ALCOHOL, ETHER, THIOL,
AND SULFIDES

] Molecule 1P (eV) Molecule IP (eV)

CF2Br2 11.07 ' H20 12.52
‘. CH3CF2C! (Geneiron 101) 11.98 methyl alcohol 10.85
CFClaCF2CI 11.99 . ethyl aicohol 10.48
CFaCClj (Freon 113) 11.78 n-propyl alcoko! 10.20
CFHSrCHaEr 10.75 +propyl alcoho! 10.16
CFa8rCha8r 10.83 n-butyl alcohot 10.0¢
CFaCH! 10.00 dimethy! ether 10.00
- n-CaFgt 10.32 . diethyl ether Q.83
n-C3F7CHaCI 11.84 n-propyl ether e.27
n-CzF7CH2! c.08 +propyt ether €.20
HzS 10.48
methanethiol 8.240
ethanethic! €.285
F _ 1-propanethic 0.195
1-butanethiol Q.14
dimethyl suifica g.€88
ethyl methyi sutlide 8.55
ciethyl sullide 8.430

- dirn-progyl sulficde €.30



TABLE 8.5 TABLE 8.6

ALIPHATIC ALDEHYDES AND KETONES ALIPHATIC ACIDS AND ESTERS

Molecule P (eV) Molecule IP (eV)
co, 13.79 CO2 13.7¢
formaidehyce 10.87 lormic acid 11.05
acetaldehyde 10.21 acetic acid 10.37
propionaidehyde 9.98 progionic acic 1G6.2¢
n-butyraldehyde 9.86 n-butyric zcid 10.18
isobutyraldehyde 9.74 isodutyric acid 10.02
n-vzleraldehyde 9.82 n-valeric acid 102
. isovzleraidehyde .71 methyl formaie 10.815
bt acrolein 10.10 ethyl formaie 10.61
crotonaldehyde 9.73 n-propyl formzte 10.84
benzaldehycde 9.53 n-butyl formate 10.20
acetone 9.69 isobutyl formzte 10.48
methyl eshyl ketone 9.583 methyl acelzte 10.27
R, methyl n-prcpyl ketone 9.39 ethyl acatate 10,71
) methyl i-propyl ketone 9.32 n-propyl acelate 10.C4
diethyl ketone 9.32 isopropyl acetzie Q.08
methyl n-butyl ketone 9.34 n-butyl acelaia 10.C1
methyl Fbutyl ketone 9.30 isobutyl acetzaie Q.67
3. 3-dimethy! butanone 9.17 sec-butyl acetate 9.¢1
had 2-heptanone 2.33 methyl propionate 10.18
cyclopentanone 9.26 ethyl propionate 10.00
¢yclohexanone 9.1. 4 methyl n-butyraie 10.67
2, 3-butanedione 9.23 methyl isobutyrate g8.e8
2. 4-pentanedione 8.57



l TABLE 8.7 TABLE 8.8
4 ALIPHATIC AMINES AND AMIDES OTHER ALIPHATIC MOLECULES WITH N ATOM
»
i Molecule 1P (eV) Molecule 1P (eV)
NH3 10.15 nitromethane 11.08
i methyl amine 8.97 nitroethane 10.68
athyl amine +8.86 1-nitropropane 10.81
n-propyl amine 8.78 2-nitroprogane 10.71
propyl amine 8.72
n-butyl amine 8.71 HCN 13.91
+hutyl amine 8.70 acetonitrile 12.22
- s-butyl amine 8.70 propionitrile 11.82
t-butyl amine 8.64 ’ n-butyronitrile 11.67
dimethyl amine 8.24 . acrylonitrile 10.61
diethyl amine 8.01 . 3-butene-nitrile 10.2¢
di-n-propyl amine 7.84 ethyl ni:ré!a 11.22
di-kpropyt amine 7.73 n-propyl nitrase
. dra-butyl amine 7.2 methyl thiocyana'2 10.C€S
/ trimathyt amine 7.82 ethyl thiocyanzie S.ES
triathyl amine 7.5C methyl isothiocyana:2 g.:zs
te-o-propyt amine 7.23 ethyl isomioc.;,-ana'.e 812
formamide 10.25
oW acetamice Q.77
N-methyl acetamice 8.90
N.N-dimethyi formamide 9.12
N.N-dimethyl acetamide 8.€1
N.N-ciethy! formamide - 8.89

N.N-cdiethyl acetamide 8.60



TABLE 8.9 TABLE 8.10

OLEFINS, CYCLO-OLEFINS, SOME DERIVATIVES OF QLEFINS
ACETYLENES
Molecule IP(eV) Molecule P (eV)
ethylene 10.518 vinyl chioride 9.2e5
propylene 9.73 cis-dichloroethylene e.65
1-butene 9.58 : trans-dichloroethylene .68
2-methylpropene 9.23 trichloroethylene 8.45
trans-2-butene 9.13 tetrachloroeihylene 9.22
cis-2-butene 9.13 vi'nyl bromice 9.80
. 1-pentene Q.50 1.2-dibromoethylene Q45
- 2-mathyl-1-butene 9.12 trisromoethylene 027
3-methyi-1-butene 9.51 3-chloropropene 10.04
3-m~ethyi-2-buten.e 8.67 2.3-dichloroprooene ee2
1-hexene 9.48 1-bromoprooene 8.30
1.3-butadiene 9.07 3-bromopropens .7
isoprene 8.845 CF3CCI=CCICF5 10.38
':} cyclopentene .01 n-C5F1{CF=CFp 10.28
cyciohexene 8.945 acrolein 10.1C
4-me:hylcyclohexene 8.91 ' crotonzicehyde 9.73
4-cinylcylohexene 8.93 - mesityl oxide Q.08
cyclc-octateiraene 7.29 vinyl methy! ether 8.93
b acetylene 11.41 allyl alcchol Q.67
preoyne 10.36 vinyl ace:zie eg

1-butyne 10.18



TABLE 8.11

HETEROCYCLIC MOLECULES

Molecule

furan

2-methyl furan
2-lurgldehyce
teirahycrofuran
cihycrooyran
teirahycropyren
thioghene
2-chiorotricph2ne
2-bromctrioohene
pverole

pyricding

2-picciing
d-ziceline
4-ziccling
2.3-leticine
2.4-lutiding

2.3-1tid.ne

IP (eV)

8.3
8.3¢
9.21
9.54
8.3¢
.28
8.889
8.33

E.€3
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TABLE 8.12

AROMATIC COMPOUNGDS

Molecule

benzene

toluene

ethyl benzene
n-propyl benzene
rpropyl benzene
n-butyl,benzene
s-butyl benzene
t-butyi benzene
o-xylene
m-xylene
p-xy'ene
mesitylene
curene

siyreng

a-methy! styrene
ethynylhenzene
nasthalene
1-methylnapthaiene
2-methyinapthalene
bighenyl

phenol

anisole
phenetole
benzaldehyce
acetophenone
benzenethiol

phenyl isocyanale

1P (eV)

9.245
8.82
8.76
8.72
8.69
8.€3
€.68
8.63
8.5g
8.58
§.425
8.2
8.6028
8.47
8.38
£.815
8.12
7.6°
7.953
8.27
8.50

o
w

[Te)
[}
w

8.33
8.77



TABLE 8.12 {(continued)

Molecule

phenyl isothiocyanate

benzonitrile

nitrobenzene

aniline

fluoro-benzene

- chioro-benzene
bromo-benzene

iodc-benzenre

o/ : ' ' ordichliorobenzene
m-dichlorobenzene
p-dichlorobenzene
1-chlore-2-flucrobenzene
1-chloro-3-flucrobenzene

1-bromo-4-fluorobenzene

) 5 . o-fluorotoluene
- m-fluorotoluene
p-fluorotoluene
o-chlorotoluene
m-chlorotoluene

-y

p-chiorotoluene
o-bromotoluene

m-bromotoluene

prbromotoluene

o-iodotoluene
me-iodotoluene
p-iodotoluene

benzotnllyorice

o-liuorophenol’

IP(eV)

8.520
9.705
9.2

-~ to
(28 I ¢\

@ © o ® ®m o
@ © ©
N o~

®» © © ®
0 N - n
- n IS

(71}

[{+]
-
U

8.215
8.785
8.63
8.63
8.70
8.78
8.61
8.67
8.62
B.€1
8.50
9.68
8.66

TABLE 8.

MISCELLANEQUS !

Molecule

ethylene cxice
propylene oxice
p-c:oxgne
dimethcxymeinera2
diethexymeihane
1.1-dimethorxyeinzne
propiolzeione
methyl ¢i¢
ethy! c:
diethy’
thiotace:.
acetyl cn
acetyl brz
cyclo-CsHy s
{(n-C3F7)CH3C
trichlcrovinyisiiar

(CaFsian

pnesgerne

n
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RELATIVE PHOTOIONIZATINH SEN
VARIOUS GASES TO &

r-xylene
o-xvlene

benzene

tcluene
ciechyl sulfide
cierthyl anine

strrenc
trichloroethylene
carhon disulfide
ischbutyvlene
acetone

tetrahvdrofuran

rethyl ethyl ketone

Photoiornizati
Sensitivity (see iote 1)

rethyl isobutyl ketone

cvclohexanone

naptha (55% aromatics)

vinyl chloride
methyl isocyanzate
iodine

methyl mercaptan

:

C (reference standard) ¢.3

11,4
~
11,2
1~
-
lf'~ i)
e w
13,6
e
- o .
- -
o
T
. .
7.1
- N
I o
{ -
r e -
S, 0
Qe
:.i
2.1
3.0
3.0
rA [
b
R
L:.'_\.
L, =
.-

19,2

by}

SITIVITIES 9F
eV LAMP

Span Control Setting
for Direct readinz

(approximzte)
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’
-
- =
Y~
o o
2 2
&, 2
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TABLE £-14 cont.

dimethyl sulfide
allyl alcohol
propylene

nineral spirits

2, 3-dichloropropenc

cycloexene
crotonaldehyde

gcrolein

rmethyl methacrylate .

pyridine
hydrogen sulfide

ethylene dibrozide

n-octane

acctaldehyde oxine
hexane

phosphine

heptane

2llvl chloride
(3-chloropropene)
ethylene
isopropanol
ethylene'oxide
acetic anhydride

alpha pinene

dibromochloropropane

"

~ [I¢ 1 1o ) W (%) W w

I~

Lo
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cont.

epichlorohydrin
nitric oxide
teta pinene
citral

aaronis

gcetic acid

nitrogen dioxice

methane

acetvlene

HoTL 1 ®
D
be

Fii reading w

PAGE

~

hen =meesuring 12.°C
articular gas with monitor calibrated

- e

—

o)

cpn of
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TABLE £-15

RELATIVE PLHOTOIONIZATION SEXSITIVITIES OT
VARIOUS GASES TO A 11.7 eV LANP

Span Control

Photoionization Sensitivity Setting for
Direct : Direct
Ges (See YNote 1) ) Reading

(&pprox.)

Carbon Disulfide
Eeptane

Eexane

Pentane

1,2 Dichlorcethane
Eenzene

MIBX

Isobutylene

Tcluene

liethyl Chloride
Methyvlene Chlorice
111 Trichloroethane
Carbon Tetrachloride
Ethylene Dichloricde
Butane

TRT

Acrylonitrile

MEK

Chloroforem

1,1,2,2 Tetrachloroethane
Acetone

Propane

Isoproponol

Acrolein

Ethane

Ethanol

Methanol

1,1,2 Trifluoroethane
Acetonitrile

NCTE 1: PP
p

(Approx.)

233.°¢
22.1
13.2
14,1
12.6G
12.2 2.0
10-":’
12.2 (Reference Std.)
1¢.¢C

v c

1.'-

9.4

& r

o 0 -

o“.!:'

.0

:3.7

-

I o »

7.1 2.7
R,3

ALD

3.0

3.7

3.3

L3

3.4 1.0
3.4

3.0

1.0

DLZ

G.1

:i reading vhen npeasuring 10.0 ppm of
articular gas with monitor calibrated for benzene.

PAGE &-24 '
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Direct
GCas :
(Approx.)

Eeptane
iHexzne

Azrmonia
Pentane

* Comnercial

products cont
materials is probably le

TAELE &-16

RELATIVE

OF VARIOUS GASZIS TO A 6.3 eV

Photoionization Sensitivity
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PIOTOIQUIZATION SERSITIVITIZES
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Spar Control
Settine for
Direct
Reeding
(Aporox.)
Std.) 1.7
response fer pure

iI0TE 1: PPH reading when measuring 1G.7 ponm of

particular gas with monitor calinrated
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SECTION 8 cont.
8.7 WARRANTY

HNU Systems, Incorporated, warrants all items to be free
from defects in material and workmanship when used under normal
operating conditions. HNU's liability hereunder shall be
limited to the repair or replacement of the articles ascertained
to be defective within one (1) year after date of shipment
(except that the light source warranty is limited to three (3)
months and does not include breakage, and battery warranty is
limited to three (3) months), provided, however that the Buyer
shall give notice to HNU within thirty (30) days after discovery
of such defective material and provided further that all
defective material be shipped prepaid to the HNU plant within a
. reasonable time from the date of discovery of the defect and
during such warranty period. After the repair or replacement,
HNU will ship the said item to Buyer, transportation charges
prepaid, to any point in the United States that Buyer may
designate.

THE FOREGOING IS THE SOLE EXTENT OF HNU'S WARRANTY AND NO OTHER
STATEMENTS OR WARRANTIES, EXPRESSED OR IMPLIED, SHALL BE
HONORED. UNDER NO CIRCUMSTANCES SHALL HNU BE SUBJECT TO ANY
LTIABILITY FOR SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES,

PAGE 8-26



- SECTION 8 cont.

€.8 Publications on Photoionization Available from HNU Systems, Inc.

- 101-10 Industrial Hygiene Monitoring With A Variable
. Selectivity Photoionization Analyzer.
1 J.N. Driscoll and J.H. Becker,

101-12 Instrumentation for "On Site" Survey and Identification
- of Hazardous Waste,
1 J.N. Driscoll and G.F. Hewitt,
Industrial Hygiene News, May 1982

-t D W - . wh e G e e .

-’
1 101-17 Instrument Calibration with Toxic and Hazardous
3 Materials.
J.H. Becker, J.N. Driscoll, D. Renaud, P. Tiffany,
C. Sylvia, '

“ )

Industrial Hygiene News, July 1983,

- nnd
.1\'/_

L |4
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YSI MODELS 33 AND 33M S-C-T METERS

INSTRUCTIONS

GENERAL DXSCRIPTIONR

The YS! Nodel 33 and 33M S-C-T Neters are portable,
battery powered, traansistorized inscruaents desigoed to
accurately measure salinity, conductivity and teapera-
ture. They use a probe consisting of a rugged, plastic
conductivity cell and a precision YSI thermistor teap-
erature sensor coabined in a single unit.

Conductivity vith the Model )3 is expressed as amicro-
mbos/centimeter; with the 33X, it is millisiemens/
meter (mS/m)}. These are measurements of the electrical
conductance tbe sample would shovw if measured betveen
opposite faces of a 1 cm cube. (Conversion information:
1 aicromho/ca = 0.1 aS/a.) Salinity is the number of
grans of salt/kilogram of saaple {(ppt-= parts per
thousand). This measurement assumes the samdple con-
tains a "standard™ sea water salt mixture. <The sample
temperature is measured in degrees Celsiua.

Salipity measurements are manually temperature cospen-
sated by direct dial. Conductivity measurements are
not temperature compensated; bowvever, a temaperature
tunction is provided on ths instrument to aid vith
calculation of corrections. Vhen temperature and con-
ductivity are knowa, it is possible to calculate sal-
ipity; and when only temperature and salinity are
xnova, it is possible to calculate conductivity. This
is discussed {n the secion on Recalidbration.

SPECIFICATIONS
Model ) Conductivity

Ranges: O to 500 (x1), O to 5,000 (x10), and O to
50,000 nicromhos/ca (x100) with YSI 3300 Series Probes.
(Note: The “micromho" designations on the meter are a
shortband foram for “"micromho/ca”™.)

Accuracy: (See Error Sectiom)
+2.54% max. error at 500, 5,000 and 50,000 plus probe.
43,04 max. error at 250, 2,500 and 25,000 plus probe.

pasea

=£= yS] Scientific

Readability:

2.5 micromhos/ca on 500 micrombo/ca range.

25 nmicromhos/ca on 5,000 microaho/cm raage.
250 wmicromhos/c¢s on 50,000 nmicromho/cm range.

Teaperature Cospeasation: None.

Model JIM Conductivity

Ranges:

0 to 50 (x1), O to 500 (x10), and O to 5,000 (x100}
aS/a with YSI 3300 Series Probes.

Accuracy: (See Error Section)

42.5% max. error at S5O0, 500, aand 5,000 plus probe.
+3.0% max. error at 25, 250, apd 2,500 plus probe.
Readadbility:

0.25 8S/m on 50 BS/ma range.

2.5 »S/a oa 500 =S/3 range.

25.0 »$/m on 5,000 sS/m range.

Teapsraturs Compensation: None.

Salinity

Range: 0-40 ppt in temperature range of -2 to
within specified conductivity range of 0 to
ajcroabo/ca {0 to 5.000 uS/m). See chart in sec:
Recalibration,

lccuracx (See Error Section)

Above 4°C: +0.9 ppc at 40 ppt and $0.7 p *t 20
ppt plus conductivity probe.

Belov 4°C: +#1.1 ppt at 40 ppt and +40.9 pp. at 20
ppt plus conductivity probe. ’

Readability: 0.2 ppt on 0-40 ppt range.

Temperature Compensation: Manuval by direct dial from
-2 to +45°. '

Teaperature Range: -2 to +50%¢.

Accuracy: +0.1°C at -2°C, $0.6°C at 45°C plus probe

(See Error Section}

Readability: +0.15°C at -2°C to $0.37% at 45°C.

Pover Supply: Two D-size alkaline batteries, Eveready
E9S or equivalent, provide approximately 200 hours ot
operation.

Instrument Aabient Range: -5 to +45°C. A saximum error
of #0.1% of the reading per °C change in instrument
temperature can occur. This error is negligible 1f the
instrusent is readjusted to redline tor each reading.

Y S 1] vellow Springs. Ohio 45387 USA * Phone 513 767-7241 » 800 343-HELP
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YSI 3300 Series Conductivity/Temperature Probe
Nominal Probe Constant: X = 5/cm (K = 300/m)
Accuracy: 2% of reading for conductivity and salinity.

Lrror of +0.19C at 0°C and #0.3% at 40%.

OPERATION
Setup

1. Adjust meter zero (if nccislnry)'bf.tnruinq the
bakelite screv on the meter face so that the meter
needle coincides with the zero on the conductivity
scale.

2. calibrate the mwmeter by turning the MODE control to
REDLINE and adjusting the REDLINE control so the meter
needle lines up with the redline on the meter face.
It this cannot be accomplished, treplace the batteries.

3. Plug the probe into the probe jack on the side of
the instrument.

4. Put the probe in the solution to be measured. (See
Probe Use.)

Temperature

Set the NODE control to TEMPERATURE. Allov time for
the probe temperature to cose to equilibrium with that
of the wvater before reading. Read the temperature on
the bottom scale of the meter in degrees Celsius.

Conductivity

1. Switch to X100. 1If the reading is below S0 on the
0-500 range (5.0 on the 0-50 aS/m range), switch to
X10. If the reading is still belovw 50 (5.0 aS/m),
svitch to the X1 scale. Read the meter scale and
multiply the reading appropriately. The answver is ex-
pressed in micromhos/cm (mS/m). Heasurements are not
temperature compensated.

Example

Heter Reading: 247 (24.7 mS/m)

Scale: X10

Answver: 2470 micromhos/cm (247.0 aS/m}

2. Vhen neasuring on the X100 and X10 scales, depress
the CELL TEST button. The meter reading should fall
less than 2%; it greater, the probe is fouled and the
measureaent is in error. Clean the probe and re-
aeasure.

NOTE: The CELL TEST does not function on the X1 scale.
[ )

Salinity

1. Deternine the sample temperature and adjust the
temperature dial to that value.

2. Switch to x100. If the reading i{s above 500
microsho/cm (50 mS/m}, the salinity value is beyond the
measureacht range.

3. It the reading is in range, switch to SALINITY and
read salinity on the red 0-40 ppt meter scale.

4. Depress the CELL TEST button. The fall in wmeter
reading should be less than 2%; if it is greater, the
probe is fouled and the measuresment is in error. Clean
the probe and re-seasure,

Error

The maxisum error in a reading can be calculated bdy
using the graphs in the following sections.

Teaperature Error

The temperature scale is designed to give the ainimua
salinity error wben temperature resadings are used to
coapensate salinity measurements.

Figure 1 shovs total error for probe and instrument
versus °C meter reading.

19 =
F R
JP
s
o0
°C L
grror L |
D b=
E ]
A b
o L_L 1 ! 1
] " » »
9C READING
FIGURE 1
Exanple:
Meter Reading: 15°C
Total Error: 0.4%
Accuracy: 15°¢ +0.4°C tor probe and instrumest

combined,

Conductivity Error

Figure 2 shows the worst~case conductivity error as a
function of the conductivity reading for the prode and
instrument combined.

B
. \
g_tot ol
READING
T
. 1 1 1 1 1
[} "we »0 »e - 0o
micromhos/cs x SCALE
(o " 2 » - o)
nS/m x SCALE
TIGURE 2
Example
Meter Reading: 360 micromhos/ca (36 as/m)
Scale: X10
% Reading ELrror: 4.5%
Accuracy: J600 +162 wmicromhos/cm (360 +16.2

aS/m) tor probe and instrusent
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Salinity Irror

The salinity readings are a function of temperature and
conductivity, therefore the accuracy is a tunction of
both.

The temperature scale and temperature control have been
designed to minimize the temperature error coatridution
to the salinity error. The error shown in Figure 3 is
the total of the temperature and conductivity probe,
the temperaturs scale and the salinity scale error.

1) L .
. :R 2100 ¢
-l'a-ng
s of ¢
READING
R r_
. 1 1 1 ]
. » » » L J
PPt SALINITY READING
TIGURE 3
Exanple

Neter Reading: 10 ppt, ® 109
% of Reading Error: 6.5%

CIRCUIT DESCRIPTION

The circuit is composed of two parts; a smultivibrator
and svitching transistors. The multivibrator produces
a4 square vavefors voltage. The square vave 13 applied
to tvo swvitching transistors. They alternately apply
two batteries of opposite polarity to the probe thus
providing AC pover which aminimizes polarization ef-
fects. The meter is in series with one battery and
measures the curreat froms it. The current troz the
battery is proportional to the conductance of the cell.
Salinity is measured in a special range conductivity
circuit vhich includes a user-adjusted temperature
compensator. In the teamperature, redline and X1 posi-
tions, the aultivibrator operates at 100Hz. In the
salinity, X100 and X10 positions the multivibrator
operates at 600Mz; ia theaes ranges, pushing the CELL
TEST button drops the frequemey to 100Hz, allowing the
operator to test for probe polarization.

INSTRUMENT MAINTENANCE

The only saintepance required is battery replacement.
Twvo "D" size alXaline flashlight cells, such as Ever-
eady E95 or equivalent, vill provide 200 hrs. of opera-
tion. Accuracy will not be maintained if zinc-carbc-
"D" cells are used. Battery replacement is ind:cat:
when the redline adjustment cannot be accomplishe

Replace batteries every six months to reduce the
of corrosion due to leaky batteries. To replac
teries, remove the screvs froa the rear cover.

Accuracy: 10 ppt +0.65 ppt for all errors, battery holders are color coded. The positive end .
combined worst case. go on red.
O-O-0~0~0~-Ouoamn
s-rc . L
W v 200 nS w2 & £<
1w wOTC 3 pe108 oot rJ"d o ° 34 a3 s
PIn nnuo(‘ﬁ —
EPWRIE " T | £ oo
2 -4 o p— “ »
[o] 2 .‘:‘u‘ ; 2 = J n " n
(=] = L' o
> F 3 3-4:C
s - " o ~
oo»o' £ wsa 3%y = ax ’: & o
39 [ 00l < Brx dl fs |23 ° 1 ) o3 o
you \ = ! 2
0. H 334 F
4 EYUR(D) 332 A -3 ;
348 ulu 2363% 1) - ] °
SR R - e
. 300 SEMCS CILL 1087
- 1) 300 onu .
O (4 o o
. ) =\ sr2sec s 3 £l ﬂ:f' e
« f 134
<+ o—-t ———n []_1_ -+ w3z .W
1.3V OTL B b2 ) F—é -
D l"_/ aw O
) [t3)
1109 3232
e _,,,;",, 3232
NOTES: ©

Resistance values in ohms. K = 1,000. Resistors
are 1/2 v, 10%, unless othervise specified.
Battery is D size, alkaline only. Eveready E-$5
or equivalent.

This schesatic is representative and
say bde slightly different from the
circuit in your iastrument.

YSI MODEL 33 AND 133N SCREMATIC
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RECALIBRATION

Recalibration should be done at the factory. It
emergency recalibration is necessary, however, one of
sbe procedures described belov may be attempted.

! yse this method if the temperature Xknob has become
loose or slipped from its normal position.

a. Read the temperature and conductivity of a sample.
Determine the salinity of the solution by running a
line vertically on the Calibrationm Graph froam this
conductance value until it intersects the appropriate
Oc line (interpolate as required for teaperature be-
tveen the given °C lines). Troa this intersection
extend a line horizontally to the sdge of the graph to

read the salinity for this sawmple.

Exaaple: 25,000 micromhos/ca (2,500 mS/@) and 20°C

gives a salinity of 17 ppt.

b. Remove the temperature knob, switch to SALINITY, and
turn the conrol shatt until the pmeter needle 1ndicates
the salimity value determined 1n Step a. In the ex-
ample given, the value is 17.

c. Switeh to TEMPERATURE and note the reading. This
reading sust be the same as Step in a; 1f 1t is not,
begin again. Replace the knob (without turming the
control shaft) with the pointer at the same tex-
perature as the meter reading and tighten both sct
screws securesly.
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2. You may use the resistor and capacitor hookup shown
* ijn the sketch to substitute for the probe in the fol-
* loving recalibration procedure.

a. Set the instrument for a salinity measurement as
normal.

b. Substitute a 1000 microfarad capacitor and 112.7

oha 0.1% tolerance resistor for the probe.

Connect the resistor and capacitor between the green
wire and red wire on the jack connections inside the
instrumsent.

O T ”
GREEN WIRE 1270 1000 ut
A% :
RED WIRE

¢. Turn the temperature dial until the meter reads

redline.

d.oleinstall the temperature knob with the arrov at
25°C.

This is a temporary calibration only. Return the in-
strument to the factory for proper recalibration.

YSI 3300 SERIES CONDUCTIVITY/TENPERATURE PROBES
) Description

These probes are designed and constructed for rugged,
accurate service in field use. The conductivity cell
constant is 5.0/ca (500.0/m) +2%. [Eack probe contains
& precision YSI theramistor temperature seansor of 10.1°C
accuracy at 0°C and +0.3°C at 40°C. The lov capaci-
tance cable asseably terainates in a three terminal
0.25" dia. phone plug.

The 3310 bhas a 10 foot cable and the )31l a 50 foot
cable. Other lengths are available on qpccill order.

The probe has a rigid P.¥.C. body, platinized pure
nickel electrodes, and a rugged cable.

Cleaning and Storage
Cleaning

Vhen the cell test indicates low readings the probable
cause is dirty electrodes. Hard vater deposits, cils
and organic matter are the most likely contaminants.

For convenient normal cleaning soak the electrodes
for 5 minutes with a locally available bathrooa tile
cleaning preparation such as Dow Chemical "Bathroom
and Chrome Cleaner,™ Johnson VWax "Envy, Instant Clean-
er.” or Lysol Brand “Basin, Tub, Tile Cleaner.”

For stronger cleaning a 5 minute soak in a solution
made ot 10 parts distilled water, 10 parts isopropyl
alchol and 1 part HCl can be used.

Alvays rinse the probe thoroughly in tap vater, then in
distilled or deionized vater after cleaning and before
storage.

—

CAUTION: Do not touch the electrodes inside the probe.
Platinua blaczk is soft and can be sgcraped off.

It cleaning does not restore the probe performance,
replatinizing is required.

Storage
It is best to store conductivity cells in deionized
water. Cells stored in water require less frequent

platinization. Any cell that has been stored dry
should be soaked in deionized vater for 24 hours before
use.

Replatinization
1. Clean the probe.
2. Place the cell in a 50 ml (approximate) jar or

beaker and add enough YSI 3140 Platinizing Solution to
cover the electrodes. Do not cover the top of the

probe.
3. Plug the probe into the Model 33 or 33IM, switch to
the X100 scale to platinize the electrodes. Nove the

probe slightly to obtain the highest meter reading and
continue platinizing for the approximate time shown
below: :

Neter Reading Time in
aicromhos/cn as/a sinutes
30,000 3,000 5
25,000 2,500 6
20,000 2,000 8
15,000 1,500 11
10,000 1,000 16

4. After the elapsed time, rewove the probe and rinse
in tap vwater, then in distilled or deionized water.

5. Retura the solution to its container. 2 oz. of
solution should be sufficient for 50 treatments,

Probe Use and Precautions

1. Obstructions near the probe can disturd readings.
At least tvo inches of clearance must be allovwed from
non-metallic undervater objects. Hetallic obdjects
such as piers or weights should be kept at least 6
inches from the probe.

2. Veights are attached to the cable of the YSI 13310
and 3311 Probes. The YSI 3327 Veights are supplied in

pairs with a total weight of 4 ounces per pair. Should
it becoame necessary to add more veight to scome
water currents, ve suggest limiting the tot: eight

to tvo pounds (8 pairs). For weights in excess .f two
pounds use an independent suspension cable. In either
case, weights must be kept at least 6 inches avay from
the probe.

). Gentle agitation by raising and lowering the probe
several times during a measurement insures flow of
specimen solution through the prodbe and iaproves the
tine response of the temperature sensor.

Conductivity and Salinity Corrections for Long Cables

The additional length of wire in lobng cables adds
capacitance and resistance vhich will effect readings.
The recommended way to correct for these influences is
by use of YSI Conductivity Calibrator Solutions (see
below), wvhich will perait an estimate of correction
factors. It these solutions are not available, the
folloving tables can be used for the correction of
errors caused by cable resistance and capacitance on
special length versions of the 3310, 3J11, $-179)3 and
$-16120 probes.
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TAELE I: CONDUCTIVITY CORRECTIONS (IN & OF liADING)
Indicated Cable Length in PFeet
Conductivity

Range umhc/cm 10 S0 100 200 )00 500 1000

x1 100 -1.0 -5.0 MR NR NR nR NR
x1 500 -0.2 ~-1.0 -2.0 -4.0 -6.0 M NR
x10* 500 ~-1.2 -6.0 M nn R NR L1}
x10 1000 -0.6 -3.0 -6.0 MR L NR NR
x10 5000 -0.1 -0.5 -1.0 -2.0 -3.0 -S.0 n
x100 10000 -0.06 -0.) -~0.6 ~-1.2 ~-1.8 -3.0 ~-6.0
x100 50000 -0.01 -0.05 -0.1 -0.2 -0.) -0.5 ~-1.0

s This rov indicates the effect of the change froa 100
Bz to 600 Nz vhen the instrument is svitched to the x10
range. :

MR represonts conductivity levels which we do aot
recomnend for probes with the indicated cable lengths.

TABLE II: TENPERATURE CORRECTIONS IN °C

Indicated Cable Length in Feet
Teaperature
S 10 SO 100 200 300 500 1000
0 NONE NONE MNONE MNONE +0.1 +0.2 +0.4
10 NONEZ NONE NONE +0.1 +0.2 +0.3 +0.6
20 NONE NONE +0.1 +0.2 +0.3 +0.5 +1.0
30 NONE NONE +0.1 +0.3 +0.4 +0.7 +1.4
40 - NONE +0.1 +0.2 +0.4 +0.7 +1.1 +2.2
50 NONE +0.2 +0.3 +0.6 +1.0 +1.5 +3.1

NONE indicates that the corrections are less than 0.1°C.

TABLE III: SALINITY CORRECTIONS IN PARTS PER THOUSAND

Tenperature § Conductivity Corrections from Table I
Setting .
% -1 -5 -10
0 -0.1 -0.5 -1.0
10 NONE -0.4 -0.8
20 NONE -0.3 -0.%
30 NONE -0.2%5 -0.5
40 NONE -0.2 -0.4
50 NONE -0.12 -0.25
NOTES:

1. Conductivity corrections should be made from Table
I, or by interpolation of the tadle.

2. Salinity corrections require determination of con-
ductivity, hence conductivity correction, and the set-
ting of corrected temperature readings prior to sal-
inity measurements.

3. Use of these corrections should increase the error
band for measurements by less than 10%,

4. If your measureaent conditions are such that a 2% or
greater conductivity correction is required, the cell
test feature wvill not properly indicate a defective
probe.

Cell Calidration and Standard Solutions
The cell constant of a conductivity cell may vary

slightly with the conductivity of the solution being
measured. Cell calibration may also be affected by

T

5 YSI Scientific

electrode fouling, replatinization, or by wmechanical

shock. A cell and meter can be calibrated together., as
& system, with YSI 3160-3169 Conductivity Calabrator
Solutions.

¥SI Conductivity Calibrator Solutions are supplied with
a full technical discussion and detailed instructions
for use.

Part Number Size Conductivity at 25.00 degrees C

YSI 3160 Gallon 1000 micrombo/ca +0.50%
YSI 3161 Quart 1000 sicroabo/cm +0.50%
YSI 3162 Gallon 10,000 micromho/ca +0.25%
YSI 3163 Quart 10,000 micromho/ca +0.25%
YSI 3164 Gallon 100,000 microaho/cm $0.25%
YSI 3165 Quart 100,000 aicromho/ca +0.25%
YSI 3167 8 Pints 1049 Edcromdo/cm #1%

YSI 3168 8 Pints 10,880 micrombo/ca #1%

YSI 3169 8 Pints 50,000 micromho/ca #1%

Directions for calibration at temperatures other than
25°C are included with the Conductivity Calibrater
Solutions.

In calculating the cell constant in absolute
teras, the uncertainty of the neter calibration must
be added to the tolerance of the Conductivity Calibra-
tor Solution.

YSI NODEL 33 AND 33M USED VITE YSI S51A, 54, 57 AND S8
OXYGEN METERS

If the salinity measurement is to be used for salinity
correction on the S51A, the reading should be converted
to Chlorosity. The formula is:

PPM Chlorosity = [(Salimity ppt -0.03) /(1.8)) x 103

For these instruments the 0.03 can be neglected 3o the
equation simplifies to:

PPH/CLl = (salinity in ppt x 10’) /1.8

For salinity correction when using the Model 57 or S8,
use the salinity reading direct from the Model ‘' or
33M. Ko conversion is necessary.

Model 33 and 33X salinity readings taken in conjv p
with Model 54 dissolved oxygen readings can be - >
correct the Model 54 for salinity and to ma)s _.csi=~
aeasureament salinity corrections to dissolved oxygen
data. Correction tadles are available froa the factcry.

VARRANTY

All YSI products carry a one-year wvarranty on workman-
ship and parts, exclusive of batteries. Damage through
accident, amisuse, or tampering will be repaired at a
nominal charge.

If you are experiencing difficulty vith any YSI product,
it may be returned to an authorized YSI dealer tor
repair, even if the wvarranty bas expired. 1If you need
factory assistance for any reason, contact:

Product Service Departaent

Yellow Springs Iastrument Co., Inc.
1725 Brannum Lane

P.0O. Box 279

Yellov Springs, Ohio 45387, U.S.A.
Phone: (513) 767-7241 (800) 343-MEL?P

YS1] vellow Springs, Ohio 43387 USA * Phone $13 767-7241 « 800 343-HELP

Item 021470 Part Number A03I09 N EP 8/87
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SAMPLS CUSTODY PROCEDURES T

INTRODWNTION

It 1s U.S. EPA and Region V policy to follow the U.S. EPA Region V sample -
custody or chain of custody protocols &8s descridbed in ®NEIC Policies ang (-
Procedures,” EPAR-330/9-78-001-R, revised June 1985. This custody is in
three parts: sample collection, laboratory, and final evidence files.
Final evidence files, Including a1l originals of ladboratory reports and
purge files, are maintainad under document control in 3 secure area.

A sam;le or evidence file is under your custody if the documents
® are in your possession;
° are in your view, afier beiny in your possession;
® were in your possession and you placed them in a8 secured location; or
®‘are in a designated secure area.

FILLD SPECIFIC CUSTODY PROCEDLURIS

The sam;le packaging and shipment procedures summarized below will fnsure
that the sam;les will arrive a8t the ladoratory with the chain of custocy
inta:ct.

Fielc proczecures are as follows:

(a) The field samsler is personally responsible for the care and
cusiody of the samples until they are transferred or properly
dispatched. As few people as possible should handle the sam;les.

(p) A1) bottles will be tagges with sample numbers and locations.
The Sample Management Office (SMJ) number and stickers will be
affixed.

(c) Sample tags are to be completed for each sample using waterproof
ink unless prohibited by weather conditions. For example, 3 .
Togbook notation would explain that 8 pencil was used to fill
out the sam;le tag because the dballpoint would not function in

. freezing weather,

(d) Tne contractor's site manager must review 211 field activities to
determine whether proper custody procedures were followed during
the field work and decide 1f agditional samples are required. He
or she should notify the U,S, EPA Remedial Project Manager of 2
breach or irregularity in chain of custody procedures,
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Transfer of custody and shipment procedures are as follows:

(a) Samrles are sccompanied by 8 properly completed chain of custody
form. The sample numbers and locations will be Yisted on the chain
of custody form. When transferring the possession of samples, the
individuals relinquishing and receiving will sign, date, and note
the time on the record. This record documents transfer of custody
of samples from the sampler to another person, t0 8 modile laboratory,
to the permanent laboratory, or to/from a secure storage area.

{(d) Semples will de properly packaged for shipment end dispatched 10
the appropriate ladoratory for analysis, with 8 separate signed
tustody record enclosed in each sample dbox or cooler. Shipping
containers will be locked and sectured with strapping tape and EPA
custody seals for ghipment to the laboratory. The preferred procedure
fncludes use of & custody seal attached to the front right and
back ‘left of the cooler, The custody seals are coverec with clear
plastic tape. The cooler is strapped shut with strapping tape in
8t least two locations,

(c) Whenever samples are split with a source or government agency, 8
separste Sample Receipt 1s prepared for those samples and marked
to incicate with whom the samples are being split. The person
relinquishing the samples to the facility or agency sShould request
the representative's signature scknowledging sample receipt, 1f
the representative 15 unavailable or refuses, this {s noted in the
“received by" space.

(¢) A1) shipments will be accompanied by the Chain of Custody Record
fdentifying the contents, The original record will accompany the
shipment, and the pink and yellow copies will be retained by the
sampler for return to the sampling office.

(e) If the samples are sent by common carrier, a bill of lading should
be used. Receipts of bills of lading will be retained as part of
the pe~manent documentation. If sent by mail, the package will be
registered with return receipt requested. Commercial carriers are
not required to sign off on the custody form 8s long as the custody
forms are sealed inside the sample cooler and the custody seals
remain intact.
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LABORATORY CUSTODY PROCEDURES

8. CONTRACT LABDRATORY

The chain of custody procedures for Contract Laboratory Program

(CLP) are described 1n the SOWs for RASs. This same custody procedure
applies to SASs. These custody procedures along with the holding

time requirements for CLP samples are described in the appropriate

SOw documents.,

CENTRAL REGIONAL LABORATORY CHAIN OF CUSTODY

The Central Regional Laboratory has 1ts own regional custody
scheme for Drinking Water Specific Samples.

There are four possible ways in which the CRL may be involved in
chain of custody sample tracking:

A. Samples are delivered to the CRL for in-house analysis.

B. Samples are delivered to the CRL. Some are sent out to a
contractor and some remain at the CRL, or the samples are sent
to several contract laboratories. :

C. Samples are delivered to the CRL and the entire shipment is
sent to one contract laboratory.

Samples are shipped directly from the field to a contract
laboratory without ever being delivered to the CRL.

[0

The internal CRL Custody Protocol has been revised so that it
addresses all four of these situations and also meets all National
EPA custody requirements. Moreover, the revised protocol requires
only one new internal document - the Custody Logbook. This logbook
replaces the existing Shipping and Receiving Log. The new procedure fis
applied to the four custody situations as follows.
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A. In-House Analysis

Samples are shipped or delivered to the CRL under chain of
custody. The CRL Sample Custodian signs the Chain of Custody Record
(see Figure 4-1) in the "Received by" space. The Sample Custodian
81s0 signs in the “"Received for Laboratory by" space. This document {s
then complete. It is filed in the folder for the given data set.

The Sample Custodian then enters the following sample infor-
mation into the Custody Logbook (see Figure 4-2).

1, 2, 3 - Self-explanatory.

4 - "Matrix" refers to a drief sample description, such as
*water,* “o0il," "mud,” etc. Parameter is self-
explanatory.

5 - Self-explanatory.

6,7,8 - The Sample Custodian fnitials the date (month/day/year)
and the time when samples were received. Time is
expressed using & 24-hour clock, so tnat 1:30 P.M, fs
recorded as 13:30.

9 - Each shelf in all custody areas should be numbered, so

that the storage location can be identified by the
shelf number. This number is entered in column 9.

When an anaiyst checks out a sample, columns 10 thru 13 are
completed.

10 - The Sample Custodian initials the correct column.
11 - The analyst fnitials the correct column.
12, 13 - The Sample Custodian enters the date and time.
When a sample is transferred from one analyst to another
within the CRL, both analysts initial the back of the custody tag.
They also enter the date and time.
e.g.,: AJ to DM, 9/12/82, 15:30

(it is not necessary to return the sample to the person who
originally checked it out of custody.)
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. When the analyses are completed, the :aalysi veturns the sample to
the Sample Custodian. They both f111 1n columns 14 thru 18.

14, 15, 16, 17 - Self-explanatory, T

1E. = The Sample Custodian stores the sample in 2
custody area. The location s entered in column
18. This {s probably not the same as the original
location Jisted in column 9.

When samples are discarded, columns 19 and 20 are filled
n. The tags are removed from the sample bottles and are filed in
, he folder for that data set. TAGS ARE NEVER DISCARDED.
o
Any appropriate information, including initials, s
entered in column 21,

e.g., : “"Sample was broken. 10/1/82, AJ"
*Sample was used up. 10/1/82, AJ"
*Insufficient sample. 10/1/82, AJ"

Even if a sample is destroyed, the tag must be returned
to the custody folder. An explanation should be written on the
tag and in the Custody Logbook.

B. Sample Shipments With Several Destinations

Samples are shipped to the CRL under chain of custody. The CRL
Sample Custodian receives the shipment as described in Section A. The
- Custodian opens the sealed container, logs in all of the samples, and
then repacks those samples which will be sent to a contract laboratory.
The Custodian fills out new custody forms and includes them with the
shipment as described in the Environmental Services Division (ESD) or
National Contract Laboratory Protocols,

The Sample Custodian logs all of the samples into the
Custody Logbook. The procedure is the same as described in Section
A, with the following exceptions.

9 - Ko entry here.
‘10 - The Sample Custodian i{nitials here.
1 - The Sample Custodian enters the name of the
laboratory to which the samples were shipped.
) 14 thru 20 - These columns are used only if the contract
laboratory returns the samples.
21 - The Sample Custodian enters the shipper and the

airbill number,

e.g.,: "Emery, #9011625"
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C. Entire Sample Shipment Sent to One Destination -

Samples are shipped to the CRL under chain of cusfody. The

-

CRL Sample Custodian receives the samples. The Custodian signs the
chain of custody record in the "Received by" space. The Custodian logs
in the samples and then packs them for shipment and includes original
the chain of custody record with the samples. The custodian does not
sign the "Received for Laboratory by" space (see Figure 4-3),

The Sample Custodian logs all of the samples into the
Custody Logbook as described in Section B.

D. Samples Shipped From the Field to Contract Laboratories

When samples are shipped directly from the field to a
contract laboratory, no one at the CRL signs the chain of custody

Record.

The sampling team submits a report to the CRL describing
their sampling activities. The Sample Custodian enters that
information into the Custody Logbook as follows:

1 thru 4
5

6 thru 9
10
11

12, 13
14 thr 20

21

The purge
are maintained by Region V CRL Laboratory Support Team, Data
Coordinator, and CPMS.

Self-explanatory.

Tag numbers may not be available in the field
report.

Not applicable.
The Sample Custodian enters "field."

The Sample Custodian enters the name of the labora-
tory to which the samples were sent.

Shipping date and time are entered, if available.

These columns are used only if the samples are sent to
the CRL by the contract laboratory.

Shipper, airbill number, and any other comments are
entered here.

files from the Contract Laboratory Program (CLP)

FIT maintains the SI files along with all relevant records,
PA/S] reports, safety reports, logs, field notebooks, pictures,
subcontractor reports, and CPMS data reviews for the specific site
held in a secured, limited access area and under custody of the

F17-DCC.

.
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FINAL EVIDENCE FILES CUSTODY PROCEDURES

Tne final evidence files from the CRL and Contract Laboratory Program (CLP)
sre meintained by Region V CRL Laboratory Support Team, Data Coordinator,

The contractor maintains the Rl files along with all relevant records,
reports, logs, field notebooks, pictures, subcontractor reports and CPMS
gdas2 reviews in a secured, limited access area and under custody of the

contractor’s site manager.
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5. A 10- to 20-minute stabillization period may be required because the carrier gas flow Is tem-
porarily interrupted when the septum Is changed. :

15.1.6.8 Troubleshooting

A list of common troubleshooting techniques for the Photovac 10A10 Is provided In Exhibit 15-3.

15.1.7 Reglon-Specitic Varlances

No region-specific varlances have been identifled; however, all future variances will be incorporated in
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus,
users should contact the reglonal EPA RPM for full details on current regional practices and requirements.

15.1.8 Information Sources

Horgan, L. Proposed Guidelines for Photovac 10A10 for the Survelllance and Analysis Division. U.S.
Environrnental Protection Agency. 1983.

Photovac Incorporated. Photovac 10410 Operating Manual.
15.2 HNU PI-101

15.2.1 Purpose

Subsection 15.2 discusses the use, maintenance, and calibration of the HNU PI-101.

15.2.2 Definitions

None.

15.2.3 Theory and Limitations

15.2.3.1 Theory

The HNU is a portable, nonspecffic, vapor / gas detector employing the principle of photolonization to
detect a variety of chemical compounds, both organic and inorganic.

The HNU contains an ultraviolet (UV) light source within its sensor chamber. Ambient air is drawn into
the chamber with the aid of a small fan. If the lonization potential (IP) of any molecule present in the am-
bient air Is equal to or lower than the energy of the UV light source, ionization will take place, causing a
deflection in the meter. Response time is approximately 90 percent at 3 seconds. The meter reading is ex-
pressed In parts per million (ppm). All readings must be stated as equivalent readings that depend on the
calibration gas being used. For example, the standard gas used to calibrate the HNU is benzene, which al-
lows the Instrument to provide results in benzene equivalence. Exhibit 15-4, modified from the "Instrnction

15-17



Manual for Model PI-101 Photoionization Analyzer" HNU Systems Inc., 1975, lists the relative sensitivities for -
various gases.

15.2.3.2 Limitations

1. lf the IP of a chemical contaminant Is greater than the UV light source, this chemical will not
be recorded. Some contaminants cannot be determined by any sensor / probes.

2. It should be noted, specifically, that the HNU will not detect methane.

3. During cold weather, condensation may form on the UV light source window, resulting in er-
roneous results. '

4. Instrument readings can be affected by humidity and powerlines, making it difficult to inter-
pret readings.

5. Total concentrations are relative to the calibration gas (usually benzene) used.Therefore,
true contaminants and their quantities cannot be Identified. Also, while the instrument scale
reads 0 to 2,000 ppm, response Is linear (to benzene) from 0 to about 600 ppm. Greater con-
centrations may be "read" at a higher or lower level than the true value.

6. Wind speeds of greater than 3 miles an hour may affect fan speed and readings, depending
on the position of the probe relative to wind direction.

15.2.4 Applicability

This procedure Is applicable to HNU PI-101 instruments used for air monitoring.

15.2.5 Responsibilities

7" The SM is responsible for monitoring the implementation of these procedures.

15.2.6 Records

Training records, maintenance records, and calibration records will be generated and maintained by
the responsible organization. The maintenance, calibration, and results obtained in the field will be
recorcled in the site logbook.

15.2.7 Procedure

15.2.7.1 Maintenance and Calibration Responsibilities

The instrument user is responsible for properly calibrating and operating the instrument. When the in-
strument is scheduled for or requires maintenance, these functions should be conducted only by qualified
individuals. 1t possible, maintenance responsibilities should be restricted to one or two individuals who will
also bear responsibilities for logging the equipment in and out. Documentation of instrument user, dates of

15-21




Species

Exhibit 15-4

RELATIVE SENSITIVITIES FOR VARIOUS GASES

(10.2 eV Lamp)

P-xylene
M-xylene
Benzene
Toluene
Diethyl sulfide

" Diethyl amine

Styrene
Trichloroethylene
Carbon disulfide
Isobutylene

Acetone
Tetrahydrofuran
Methyl ethyl ketone
Methyl isobutyl ketone
Cyclohexanone
Naptha (86% aromatics)
Vinyl chioride
Methyl isocyanate
lodine

Methyl mercaptan
Dimethyl sulfide

Aliyl alcohol
Propylene

Mineral spirits
2,3-Dichloropropense
Cyclchexene
Crotonaldehyde
Acrolzin

Pyridine

Hydrogen sulfide
Ethylene dibromide
N-octane-
Acetaldehyde Oxime

15-22

Photolonization
Sensitlvity*

114
11.2
10.0
10.0
10.0
9.9
9.7
8.9
7.1
7.0
6.3
6.0
5.7
5.7
5.1
5.0
5.0
4.5
4.5
4.3
4.3
4.2
4.0

40

4.0
3.4
3.1
3.1
3.0
2.8
2.7
25
23

(reference standard)
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Specles

Hexane
Ph_osphlné
Heptane

Allyl chloride
(3-chloropropene)
Ethylene

Ethylene oxide
Acetic anhydride
Alpha pinene
Dibromochloropropane
Epichlorohydrin
Nitric oxide

Beta pinene

Citral

Ammonla

Acetic Acid
Nitrogen dioxide
Methane
Acetylene
Ethylane

*Expressed in ppm (v/v).

Source: Instruction Manual for Model PI-101
Photoionization Analyzer, HNU Systems, Inc., 1975.
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20
1.7

1.5
1.0
1.0
1.0

0.7

0.7
0.7
0.6
0.5
0.5
0.3
0.1
0.02
0.0
0.0
0.0

Sensltivity*
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use, instrument Iidentification number, maintenance and calibration functions, and project identification
should be maintained.

15.2.7.2 Operator Qualifications

The HNU, although a relatively simple instrument to use, can be incorrectly operated if the user-is not
thoroughly familfar with its operation. An appropriate training and certification procedure must be
developed and incorporated Into the responsible organization's training procedures. The users must com-
plete the training and be certified for HNU operation before using the instrument in the field. Refresher
courses should be obllgatory every 6 months. Courses are given by the manufacturer, by commercial en-
tities, and by EPA at their Cincinnati, Ohlo, and Edison, New Jersey, facilities.

15.2.7.3 Startup / Shutdown Procedures

Startup

1. Check the FUNCTION switch on the control panel to make sure it is in the OFF position. At-
tach the proba to the readout unit. Match the alignment key, and twist the connector clock-
wise until a distinct locking Is felt.

2. Turn the FUNCTION switch to the BATTERY CHECK position. Check that the Indicator
reads within or beyond the green battery arc on the scale plate. If the indicator is below the
green arc, or if the red LED comes on, the battery must be charged before using.

3. To zero the Instrument, turn the FUNCTION switch to the STANDBY position and rotate the
ZERO POTENTIOMETER until the meter reads zero. Wait 15 to 20 seconds to confirm that the
zero adjustment Is stable. If It is not, then readjust.

4. Check to see that the SPAN POTENTIOMETER Is set at the appropriate setting for the
probe being used (5.0 for 8.5 eV probe, 9.8 for 10.2 eV, and 5.0 for 11.7 V).

5. Set the FUNCTION switch to the desired-ppm range. A violet glow from the UV lamp
source should be observable at the sample Inlet of the probe / sensor unit. (Do not look direct-
ly at the glow, since eye damage could result.)

6. Listen for the fan operation to verify fan function.

7. Check instrument with an organic point source, such as a "magic marker," before survey to -
verify instrument function.

Shutdown
1. Turn FUNCTION switch to OFF.
2. Disconnect the probe connector.

3. Place the instrument on the charger.
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* During extended field use, the HNU PL101 must be calibrated at least once every three days.

r -

15.2.7.4 Maintenance and Calibration Schedule

Eunction Erequency

Perform routine calibration Prior to each use*

fnitiate factory checkout and callbration Yeary or wﬁen malfunctioning or after changing
UV light source

Wipe down readout unit After each use

Ciean UV light source window Every month or as use and site conditions dictate

Clean the ionization chamber Monthly

Recharge battery After each use

15.2.7.5 Calibration Procedure No. 1

For HNU callbration canisters without regulators:

1. Run through startup' procedures as in Subsection 15.2.7.3..

2. Fill a sampling bég with HNU calibration gas of known contents.

3. Connect HNU probe to sampling bag by using fiéxible tubing. .

4. Allow sample bag contents to be drawn into the probe, and check response in ppm.

5. Adjust the span potentiomster to produce the concentration listed on the span gas
cylinder.This procedure shall be followed only until the span potentiometer reaches the follow-
Ing limits:

Maximum
: Initial Span Acceptance Span
Probe Eot, Setting Pot Sefting
9.5eV 5.0 1.0
10.2 ¢V 9.8 8.5
11.7 eV 5.0 20

6. If these limits are exceeded, the instruments must be returned for maintenance and
recalibration. This maintenance will be done only by qualified individuals.

7. Each responsible organization must develop a mechanism for the documentation of calibra-
tion results. This documentation includes the following:
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. Date inspected
b. Person who calibrated the instrument

The instrument number (Serial number or other ID number)

1

d. The results of the calibration (ppm, probe eV, span potentlometer setting)
e. ldentlﬂcatior; of the calibration gas (source, type, concentration)
15.2.7.6 Calibration Procedure No. 2
For HNU calibration canisters equipped with a regulator:

1. Run through startup procedures as described in Subsection 15.2.6.3.

V-’ 2. Connect a sampling hose to the regulator outlet and the other end to the sampling probe of

the HNU.
3. Crack the regulator valve.
4. Take a reading after 5 to 10 seconds.
5. Adjust span pdtentlometer using the steps outlined in step No. 5 of Subsection 15.2.7.5.
6. Calibration doc.umentatlon'should be as In step No. 7 in Subsection 15.2.7.5.
15.2.7.7 Cleaning the UV Light-Source Window

1. Turn the FUNCTION switch to the OFF posiilon, and disconnect the sensor / probe from the
Readout / Control unit.

-

2. Remove the exhaust screw located near the base of the probe. Grasp the end cap in one
hand and the probe shell in the other. Separate the end cap and lamp housing from the shell.

3. Loosen the screws on the top of the end cap, and separate the end cap and ion chamber
from the lamp and lamp housing, taking care that the lamp does not fall out of the lamp hous-

ing.

4. Tilt the lamp housing with one hand over the opening so that the lamp slides out of the
housing into your hand.

5. The lamp window may now be cleaned using lens paper with any of the following com-
pounds:

a. Use HNU Cleaning Compound on all lamps except the 11.7 eV.
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b. Clean the 11.7 eV lamp with a freon or chlorinated organic solvent. Do not use
HNU cleaner, water, or water miscible solvents (i.e., acetone and methanol).

6. Following cleaning, reassemble by first sliding the lamp back Into the lamp housing. Place
the lon chamber on top of the housing, making sure the contacts are properly aligned.

7. Place the end cap on top of the lon chamber, and replace the two screws. Tighten the
screws only enough to seal the O-ring. Do not overtighten.

8. Line up the pins on the base of the lamp housing with pins Inside the probe shell, and slide
the housing assembly Into the shell.It will fit only one way.

9. Replace the exhaust screw.

15.2.7.8 Cleaning the lonization Chamber

1. Turn the FUNCTION switch to the OFF position, and disconnect the sensor/probe from the
Readout / Control unit.

2. Remove the exhaust screws located near the base of the probes. Grasp the end cap in one
hand and the probe shell in the other. Separate the end cap and lamp housing from the shell.

3. Loosen the screws on the top of the end cap, and separate the end cap and lon chamber
from the lamp and lamp housing, taking care that the famp does not fall out of the famp hous-
ing.

4. The lon chamber may now be cleaned according to the following sequence:
a. Clean with methanol using a Q-tip.
b. Dry gently at 50°C to 60°C for 1/2 hour.

5. Place the lon chamber on top of the housing, making sure the contacts are properly
aligned.

6. Place the end cap on top of the ion chamber and replace the two screws. Tighten the
screws only enough to seal the O-ring. Do not overtighten.

7. Line up the pins on the base of the lamp housing with pins inside the probe shell, and slide
the housing assembly Into the shell. It will fit only one way.

15.2.7.9 Troubleshooting

The following steps should be performed only by a qualified technician:

1. The meter does not respond in any switch position (including BATT CHK).

a. Meter movement is broken.
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(1) Tip Instrument rapidly from side to side. Meter needie should move freely
and return to zero.

b. Electrical connection to meter Is broken
(1) Check all wires leading to meter.
(2) Clean the contacts of dulck-dlsconnects.
¢. Battery Is completely dead.
(1) Disconnect battery.
(2) Check voltage with a volt-ohm meter.
) d. Check 2 mp fuse.
e. If none of the above solves the problem, consult the factory.
2. Meter responds in BATT CHK position, but reads zero of near zero for all others.
a. Power supply Is defective.

(1)Check power supply voltages as shown in Figure 11 of the HNU Instruction
Manual. If any voltage Is out of specification, consult the factory.

b. Input transistor or amplifier has falled.
(1) Rotate zero control; meter should deflect hp'or down as control is turned.
« (2) Open pfobe. Both transistors should be fully seated in sockets.

¢. Input signal connection Is broken In probe or readout.

(1) Check input connector on printed circuit board. The input connector
should be firmly pressed down.

(2) Check components on back of printed circuit board. All connections
should be solid, and no wires should touch any other object.

(3) Check all wires in readout for solid connections.
3. Instrument responds corréctly in BATT CHK and STBY but not in measuring mode.

a. Check to see that the light source Is on. Do not look directly at UV light source,
since eye damage could result.

(1) Check high-voltage power supply.
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(2) Open end of probe, remove lamp, and check high voltage on lamp ring.

(3) If high voltage Is present at all above points, light source has probably
failed. Consult the factory.

4. Instrument responds correctly in all positions, but signal is iower than expected.

. Check span setting for correct value.

b. Clean window of light source.

[2]

. Double check preparation of standards.

(=8

. Check power supply 180 V output.
. Check for proper fan operation. Check fan voitage.

f. Rotate span setting. Response should change if span potentiometer is working
properly.

5. Instrument responds In all switch positions, but Is noisy (erratic meter movement).
a. Open circult In feedback circult.Consult the factory.
b. Open circuit in cable shield or probe shield. Consuit the factory.
6. Instrument response Is slow and/or Irreproducible.
a. Fanis operating improperly. Check fan voltage.
b. Check calibration and operation.
7. The battery indicator is low.
a. Indicator comes on If battery charge Is low.

b. Indicator also comes on If lonization voitage Is too high.

15.2.8 Reglon-Specific Variances

No reglon-specific variances have been ldentified; however, all future variances will be incorporated in
subsequent revisions to this compendium. Information on variances may become dated rapidly. Thus,
users should contact the regional EPA RPM for full details on current regional practices and requirements.
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15.2.9 Information Sources

HNU Systems, Inc.Instruction Manual for Model PI-101 Photoionization Analyzer. 1975.

Ecology and Environment FIT Operation and Field Manual: HNU Systems PI-101 Photoionization Detector
and Century Systems (Faxboro) Model OVA-128 Organic Vapor Analyzer. 1981.

Personal Communication with Fran Connel, HNU Systems, Inc. 4 January 1984.
CH2M HILL. Field Surveillance Equipment. 1984.

Rabin, Unda J."Selective Application of Direct-Reading Instruments at Hazardous Waste Sites,"
presented at American Industrial Hygiene Conference, Dallas, Texas. 1986.

15.3 ORGANIC VAPOR ANALYZER (OVA-128)

15.3.1 Scope and Purpose

The purpose of this subsection is to discuss the use, maintenance, and calibration of the OVA-128.

15.3.2 Definitions

None.

15.3.3 Theory and Limitations

15.3.3.1 Theory

The OVA uses the principle of hydrogen flame lonization for the detection and measurement of organic
compounds. The OVA contains a diffusion flame of hydrogen and alir that is free of lons and Is noncon-
ducting. When a sample of organic material is introduced into the flame, ions are formed, causing the
flame to become conductive. Eventually this conductivity provides a meter reading because of a change in
current,

15.3.3.2 LimRations
1. The OVA will not see any inorganics.

2. The OVA will "see” methane, which is explosive but relatively nontoxic. The user should.
determine if the contaminant involved Is or is not methane.

3. DOT shipping regulations are strict for the OVA when shipped containing pressurized
hydrogen.

4. Arelative humidity greater than 95 percent will cause inaccurate and unstable responses.
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APPENDIX A-3
WATER LEVEL MEASUREMENTS/WATER SAMPLING

Water level measurement prior to ground water sampling will be
made with the Solinst Model 101 flat tape water level meter.

Equipment for the measurement of pH specific conductance,

temperature, ‘an € . C _
associated with water sampling for the Stoughton Clty Landfill
site have not been purchased to date. Upon purchase, operation
manuals or instructions for the various meters and apparatus will
be sent to the USEPA and WDNR. These instruments will be

operated in accordance with the manufacturers' specifications.
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APPENDIX A-4
AIR SAMPLING

Major sampling equipment associated with air sampling will be
wind direction/wind speed instrumentation and a sampling pump.
Wind speed/direction will be measured using the Weathertronics,
Inc. combination wind speed/direction sensor. This sensor will
be mounted atop a ten-foot portable tower. The attached sheet
lists specifications of the combination wind speed/direction
sensor.

A Gilian Model HFS-113A sampling pump will be utilized to collect
the air sample. This sampling pump features a low flow operating
range required for use during the RI.3
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B Low cost wind monitoring

B Rugged materials

B Easy to install

B Separate vane and anemometer available

C e

© -

The Model 2132 wind sensor is designed for appli-
cations where accuracy is not critical and costis a
consideration. This is a combination wind speed and
direction sensor, with a 3-cup anemometer and an
airfoil vane mounted on a common vertical axis. All
major structural components are fabricated from tough
polycarbonate or anodized aluminum. The sensor
includes a mounting collar for simple and direct
mounting to a 3/4-inch (19 mm) O.D. mast (Model
85007). A 50-foot length of signal cable is provided.
Up to 500 feet of cable can be used.

The cup assembly of the anemometer is coupled to
an AC generator transducer. The generator produces
an output voltage which is directly proportional to
wind speed. The measuring range is 0 to 100 mph (0
to 45 m/s) with an accuracy of £3%. The lightweight
vane is attached to a long-life, conductive plastic
potentiorneter. Rotation of the vane moves a precious
metal wiper to produce an output voltage correspon-
ding to the vane position within the 0 to 360° range.

Both the anemometer and the vane can also be
purchased separately for applications that require
measurement of only wind speed or wind direction.
The Model 2612 anemometer and the Model 2134 vane
both include 50 feet of cable and mount directly to a
3/4-inch (19 mm) O.D. mast.

All three of these sensors are excellent for home use,
office or lobby displays, or school weather stations.

ORDERING INFORMATION

Model -

2132 Combination Wind Speed and Direction Sensor; includes
50’ of S-conductor flat cable

2132-A  Same as 2132 except with 100° of 5-conductor flat cable

2134 Wind Direction Sensor only; includes 50° of 3-conductor
flat cable

2612 Wind Speed Sensor only; includes 50° of 2-conductor flat
cable

85007 Vertical Mastto mount 2132 on Mode! 8500 tripod tower; 5’
long X 1.5” O.D.; includes reducer o 3/4” O.D.

7600802  Additional 2-conductor flat cable
7600803  Additional 3-conductor flat cable
7600806  Additional 5-conductor flat cable
NOTE: This instrument was formerly known as Model W200-5D in

the WeatherMeasure line.

Weathermeasure
WEATHERLronics

e g

COMBINATION WIND SPEED/DIRECTION SENSOR

—
Aol S
cEL AN

SPECIFICATIONS
Wind Speed:
Sensor 3-cup assembly, polycarbonate, 2.7” dia. cups
Transducer AC generator
Output 10.70 VAC nomina! at 100 mph
Range 0-100 mph (0-45 m/s)
Accuracy +3%
Wind Direction:
Sensor Counterbalanced airfoil vane
Transducer 500-ohm plastic potentiometer
Range 0-360°
Accuracy +5%
Input voltage 5 VDC typical
Materials Anodized aluminum and polycarbonate
Mounting Direct to 3/4” (19 mm) O.D. mast
Cable s-conductor flat, 50° (15.2 m) supplied,
500" max.
Size 6.25" H X 16" L {159 X 406 mm), 10.5” {267 mm)
turning radius
Weight/shipping 1.51bs./4 1bs. 0.7 kg/1.8 kg)
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PART I - FIELD SAMPLING PLAN
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Sampling and Analysis Plan

Field Sampling Plan

March 1, 1989

Page: 1-1

1.0 INTRODUCTION

This Sampling and Analysis Plan, attached as Appendix F of
Exhibit A for the Consent Decree for the Environmental
Conservation and Chemical Corporation (ECC) site has been
developed and is being submitted in accordance with Exhibit A.
The Sampling and Analysis Plan consists of Part I - Field
Sampling Plan (FSP) and Part II - Quality Assurance Project Plan
(QAPP) .

The Field Sampling Plan presented herein guides all field work by
defining the sampling and data-gathering methods to be used for
the ECC Remedial Action in detail. The Field Sampling Plan was
developed in conformance with the USEPA draft document “Guidance
for Conducting Remedial Investigations and Feasibility Studies
Under CERCLA" (RI/FS Guidance) dated March, 1988. Guidelines
developed for the selection and definition of field methods,
sampling procedures, and custody were based on the USEPA document
"Compendium of Superfund Field Operations Methods" (Compendium)
dated December, 1987. Data Quality Objectives (DQOs) were
developed in accordance with USEPA publication "Data Quality
Objectives for Remedial Response Activities" (DQO Guidance) dated
March, 1987.
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2.0 SITE BACKGROUND
2.1 Site Description

The ECC site is located in Boone County, approximately 10 miles
northwest of Indianapolis, on US Highway 41 in Zionsville,
Indiana (Figure 2-1). The site occupies 6.5 acres west of the
Northside Sanitary Landfill (NSL), an operating solid waste
disposal facility. The ECC site is bounded on the south and east
by NSL landfill property. An unnamed ditch separates the two
facilities along the east boundary (Figure 2-2).

ECC began operations at the site in 1977 and was engaged in the
recovery, reclamation, and brokering of primary solvents, oils
and other wastes. Waste products were received in drums and bulk
tankers and prepared for subsequent reclamation or disposal.
Reclamation processes included distillation, evaporation and
fractionation to reclaim solvents and oil.

USEPA investigations into accumulation of contaminated storm
water on-site, improper drum inventory, and several spill
incidents lead to civil law suits, and finally placement of ECC
into receivership in July, 1981. Drum shipments to the site were
halted in February, 1982. Surface cleanup activities conducted
by USEPA contractors during 1983 and 1984 included removal of
cooling pond waters, waste drums, tank waste, contaminated soil,
and cooling pond sludge.
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A Remedial Investigation/Feasibility Study was conducted by CH2M-
Hill for the USEPA and the Record of Decision (ROD) for the site
was published on September 25, 1987.

“’
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3.0 SAMPLING OBJECTIVES

The sampling activities will:

o Detect VOCs migration to the ground water and
surface water; and

o Verify and monitor the effectiveness of the
remediation.

The overall Data Quality Objective (DQO) 1is to collect high
quality data in sufficient quantity to achieve the highest level ~
of confidence and, therefore, the lowest level of uncertainty.
The selection of both the sampling and the analytical approaches
for the ECC project was made to achieve this DQO as described in
the following sections.
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4.0 SAMPLE LOCATION AND FREQUENCY

Field investigations will include ground water monitoring, and
surface water sampling.

Where ascertainable, specific sampling locations associated with
each technique are presented in Figure 4-1 along with the
sampling frequency. Detailed procedures for sample collection
for each media are presented in Section 6.0. Major equipment
associated with sample collection are discussed in the
Attachments to Part II of the Quality Assurance Project Plan.

4.1 Ground Water Monitoring

Prior to ground water sampling, each well will be purged a
minimum of three (3) well volumes and until indicator parameters
have stabilized, or to dryness depending upon recovery rates.
Samples from the off-site wells will be collected quarterly
during site so0il remediation and analyzed for the parameters in
Table 3-1 of Exhibit A, presented here as Table 4-1. Monitoring
will be continued on a semi-annual basis as specified in Section
2.1.4 of Exhibit A. Hydrologic properties to be evaluated during
this phases of the sampling program include the measurement of
static water levels. Detailed procedures for water 1level

measurement are described in Section 6.1.2.1.

4.2 Surface Water

Surface water sampling locations are show in Figure 4-1. Surface
water will be analyzed in the field for pH, specific conductance,
and temperature, and will be analyzed for the parameters in Table
4-1 in a Contract Laboratory Program (CLP) Laboratory.



NSL
SITE

Tl concrete
PAD

LANDFILL
ACCESS RCAD

SCALE IN FEET

."E

0 50 100 200

LEGEND:

[] sutone

CONCRETE PAD
—%—¥— FENCE

(o] OFFSITE TILL WELL
® ONSITE TILL WELL
& SAND WELL
A
+

SURFACE WATER SAMPLING
GRID POINT

SURFACE WATER FIGURE
GROUND WATER 4-—1
SAMPLING LOCATIONS

WERM—North Central. Ine. 3/1/89

CA/




an
L

TABLE 4-1

DATA COLLECTION SUMMARY
GROUND WATER SAMPLING

QA/QC Samples (1)

Investigative Field Matrix
Parameter Samples Replicates Btank Total (2)
o Field
pH 14 2 2 18
Specific Conductance 14 2 2 18
Temperature 14 2 2 18
o Laboratory Organics*
Volatiles 14 2 2 18
Base Neutrals 14 2 2 18
Acid Extractables 14 2 2 18
PCBs 14 2 2 18
Inorganics *
Metals (Dissolved) 14 2 2 18
Cyanide 14 2 2 18

(1) QA/QC samples are as defined in Appendix C, Part 6 of the USEPA DQO Guidance.
(2) Plus trip blanks collected and analyzed at a frequency of one (1) per shipping container.

(3) Organic and Inorganics listed in Table 7-1 of Appendix E.
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5.0 SAMPLE DESIGNATION

A sample numbering system has been developed for the ECC project.

Each sample will be designated to include the following
sequential information:

(e} Name of Site - ECC (ECC).

- . )

e} Sample or Well No. - Sample designations as
follows with appropriate numbers, as
necessary: Field Blank (FB), Field Replicate
(FR), Trip Blank (TB), and Background (B).
Other samples/wells as designated in field.

o Sample Round.

o Sample Matrix, Ground Water (GW), Surface
Water (SW), and Sediment (SD).

«Wr

For example, for a monitoring well designated MWl in the first
round of ground water sampling, the sampling number would be as
follows: ECC-MW1-1-GW.
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All field samples will be identified with sample identification
labels consisting of gummed paper 1labels that include the above
sample number and the following additional information:

o Name of collector.

o Affiliation of collector.

o Day and time and collection.
-

o Analysis request.

o Analysis code.

W
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6.0 SAMPLING PROCEDURES AND EQUIPMENT

Details procedures for sample collection are presented below
alocng with a general description of the proposed sampling
equipment. Detailed information pertaining to major equipment
operation, maintenance, and calibration 1is presented in the
Attachments of Part II - Quality Assurance Project Plan.

6.1 Ground Water Monitoring

This section details standard procedures and includes the design
and installation of monitoring wells and ground water sampling.

6.1.1 Monitoring Well Design & Installation

The ground water monitoring network will consist of fourteen (14)
wells, which will be located on, around the periphery of, and
downgradient from the ECC site. Ten (10) wells will be installed
in the till completed in the saturated zone and four (4) wells
will be completed in the sand and gravel unit underlying the
saturated surface till. The wells will be constructed of 2-inch
PVC. Screen length will vary for well. Total depth for the off-
site wells completed in the till will be 2 feet less the total
depth to the contact between the till underlying sand and gravel.
On-site wells will be screened from one foot above trenches
bottom to 1-2 feet above the contact between the till and
underlying sand and gravel. Wells completed in the sand and
gravel will be screened the total thickness of that sand and
gravel unit. Figures 6-1, 6-2, and 6-3 present schematic
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diagrams of final well construction for the off-site and on-site
monitoring wells in the till, and the monitoring wells in the

sand and gravel unit, respectively.

The location of the monitoring wells is based on the ground water
elevation contours shown in Figure 6-4.

The following procedures will be used to install the monitoring

wells:

o Wells will be advanced using a nominal six-
inch I.D. hollow stem auger to total depth.

o Soil above the water table in the shallow
water table wells will be logged and sampled
with a two-inch diameter split spoon sampler.
Split spoon samples of the soil below the
water table in the shallow, water table well
will be taken and logged every five feet.

o A single soil sample will be collected from
the screened 1interval portion of each
monitoring well  installed at the site by
using the split spoon sampler with a spring
retainer attachment. This sample will be
analyzed for grain size distribution.
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For the on-site monitoring wells, a soil
sample will be collected at every 2 foot
interval beginning at the 1 foot to 3 foot
interval up to the 9 feet depth using a split
spoon sample. These samples will be analyzed
for organic carbon content using the walkey-
Black chronic acid titration method.

The well screen will be two-inch diameter PVC
with No. 10 (0.010 inch) continuous slot
openings. PVC riser will extend above the
water table and PVC pipe from there to the
surface completion. Screened risers will be
installed in the boring prior to removal of
the augers.

The formation will be allowed to collapse
around the screen and rise to a maximum of 2-
feet above the screen. If the formation does
not collapse or fill the annular space to

this level, clean silica sand will be added.

The sand will be free of silt and of an
appropriate size for the well screen slot

opening.

A minimum of two feet of compressed bentonite
pellets will be placed above the sand pack to
seal the annular space around the casing.

Page:
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1989
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o The remaining space above the bentonite seal
will be filled with a cement-bentonite grout
placed with a tremie pipe. The grout seal
shall be prepared of an approximate mixture
of one bag of Portland cement, five pounds of

bentonite powder, and ten gallons of water.

o The rise pipe will be fitted with a vented

cap.

o A four-inch diameter protective steel casing
with hinged 1locking steel cover will be
cemented in place to a depth of 2.5 feet
below the ground surface. The cement will be
sloped away from the casing to promote
drainage away from the well. All equipment
used in construction of the well will be
decontaminated prior to initiation of well
construction. Drilling augers will be steam
cleaned between each boring.

Following installation, monitoring wells will be developed to
provide low-turbidity, representative ground water samples. Well
development will be completed no sooner than 24 hours following
the grouting of the wells. Each well will be developed by
surging and pumping until at least three well volumes have been
removed; the well yields low turbidity water; and consistent
values of pH, conductivity and temperature have been obtained.
Equipment used in well development may include surge blocks,
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bailers, or pumps. Ground water removed during well development
will be collected, stored in containers and handled as
appropriate based on results of chemical analysis.

6.1.2 Ground Water Sampling

Samples from these wells will be collected quarterly during site
soil remediation and analyzed for the parameters in the Table
4.1. Monitoring will be continued on a semi-annual basis as
specified in Section 2.1.4 of Exhibit A.

6.1.2.1 Water Level Measurement

Static water 1levels will be measured and recorded at each
sampling episode and on a monthly basis during field
investigations. The water level surface will be measured prior
to well development and sampling using a Solinst water level
meter. Before lowering the probe in the well, the batteries will
be checked by pressing the test button on the instrument for this
purpose. The probe will be slowly lowered into the well until
contact with the water surface is indicated. The probe will be
withdrawn just above the water surface and a second reading will
be taken ‘prior to withdrawing the electric tape from the well.
The reading will be recorded on the Ground Water Sampling Form.

Each well will have a reference point, indicated on the well
casing, from which water level measurements will be taken. The
reference point elevation on the well will be established by a
survey with respect to US Datum mean sea level elevation to an
accuracy of 0.01 feet for computation of ground water elevation.
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6.1.2.2 Well Depth Measurement

The total depth of the well will be measured and recorded prior
to well development and sampling. A weight tied to a length of
cotton cord will be used to tag the bottom of the well and the
length of cord used will be measured to establish well depth.

6.1.2.3 Well Evacuation

Standing water in the wells will be removed prior to sampling by
purging three (3) well volumes from each well and until
stabilization of temperature, pH, and specific conductance is
achieved. If the well goes dry before three well volumes have
been removed, samples will be taken as soon as the well recovers.

The calculation of well volume will be as follows:
o Measure well casing inside diameter.

o Determine the static water level below the
measuring point.

o Determine the total depth of the well from
the measuring point.

o Calculate the number of linear feet of static
water (total depth of the well minus the
static water level).
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o Calculate the static volume in gallons. The
static volume (well volume) is calculated in
gallons as V = (;;r2) (h) (7.48), where

4T = 3.14,
r = well radius (ft). and
h = linear feet of static water (ft.).

Dedicated Teflon bailers will be used for purging and sampling
the wells. Purged water will be placed in containers for
subsequent handling based upon results of chemical analysis.
Bailers, ropes, pumps and all equipment shall be decontaminated
prior to insertion into the well.

6.1.2.4 Sample Withdrawal

During sample withdrawal, special care will be taken to avoid
physically altering or chemically contaminating samples.
Sampling will be performed with bottom filling Teflon bailers.
Ground water pH, specific conductance, and temperature will be
determined in the field on secured samples and field filtration
will be performed for metal parameters for ground water samples.
Samples will be collected in the following order:

o Volatile organics in Table 4-1
Base neutral and acid extractable organics in
Table 4-1

o PCB in Table 4-1
Inorganics in Table 4-1
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Samples for inorganics in Table 4-1 analysis will be prepared,
preserved, and stored as listed in Table 7-1. One (1) replicate
sample will be obtained for every ten (10) ground water samples
collected.

The objective o6f ground water sampling for inorganics in Table 4-
1 is to determine the concentration of dissolved inorganic
constituents. Therefore, ground water samples must be filtered
through a non-metallic 0.45 micron membrane immediately after
collection. The first 150 to 200 ml of filtrate will be used to
rinse the filtration apparatus of any contaminants. This
technique minimizes the risk of altering the composition of the
samples by the filtering operation. The filtrate will be
collected in a polyethylene bottle and immediately acidified to
pH <2 using nitric acid.

A maintenance and calibration program will  be implements to
ensure that routine calibration and maintenance are performed on
the instruments associated with ground water sampling. The
program will be administered by the field team leader who will
perform routine preventative maintenance (e.g., cleaning or other
procedures identified in the instrument manual) on a weekly basis
and calibration of field instruments on a daily basis.
Calibration, operation, and maintenance of all field instruments
will be documented in the field log book, and all field personnel
will maintain their proficiency. Operating procedures outlined
in the manuals for each respective instrument will be followed.
For pH, pre-calibration will consist of using three (3) buffer
solutions (pH 4, 7, and 10) and calibration verification at
regular intervals (at least once a day). The two pH measurements
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must each be within + 0.05 standard units of buffer solution
values. The specific conductance meter will be calibrated using
liquids of known specific conductance. Should specific
conductance readings vary by more than 5% from the expected
value, the unit will be repaired or replaced.

6.2 Surface Water Sampling

The surface water will be monitored by sampling the Unnamed Ditch
just upgradient and just downgradient of the ECC site (Figure 4-
1l). Surface water will be sampled at the same frequency as
ground water and -analyzed for the same parameters. Monitoring
will be continued on a semi-annual basis as specified in Section
2.1.4 of Exhibit A.
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7.0 SAMPLE HANDLING AND ANALYSIS

The required sample containers, preservation methods, maximum
holding times, and filling instructions for each sample type are
summarized on Table 7-1. Notations of which laboratory will be
performing the analysis of the collected samples are also
indicated on Table 7-1.



Vapor Parameters(1)

Organics in Table 4-1

Ground Water/Surface Water

Parameters

* Volatile Organics

Base Neutral Organics
and Acid Extractable
* Organics

PCBs

* Metals in Table

Cyanides

Note:

)

TABLE 7-1

¢

SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS

Container

Activated Carbon
Cartridge

2 x 40 ml Glass Vials
with Teflon-lined septum

3 x 1 liter amber glass
bottles with Teflon-lined
cap

2 x 1 liter amber glass
bottles with Teflon-lined
cap

2 x 500 ml Polyethylene
bottle

1 x 1 liter glass bottle
with Teflon-lined cap

* Listed in Appendix E Table 7-1.

Preservation

cool 4°cC

Cool 4°c

Cool 4°c

Cool 4°c

0.45 u Filtration
(Ground Water Only)
HNg3 to pH<2

cool 4°c

NaOH to pH>12
cool 4°cC

Maximua
Holding
Time

7 days

10 days

5 days

5 days

6 months

14 days

All samples will be shipped by overnight carrier to their final laboratory destination under custody.

Filling Instructions

Cap cartridge ends

Zero

Fill

Fill

Fill

Fill

headspace, no air bubbles

to neck of bottle

to neck of bottle

to neck of bottle

to neck of bottle
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8.0 FIELD QUALITY CONTROL SAMPLES

o Field blank samples are defined as samples
which are obtained by running analyte-free
ionized water through sample collection
equipment (bailer, pump, auger, etc.) after
decontamination. These samples must be
collected and analyzed at a frequency of one
per group of 10 or fewer investigative

samples.

o Trip blank samples, which are required for
aqueous volatile organic samples only, are
prepared in the laboratory prior to the
sampling event in actual sample containers
and shipped with empty sample containers to
the field. They are kept capped throughout
the sampling event. When the sampling event
is completed, they are shipped with
investigative samples back to the 1lab for
analysis. Trip blank samples are collected at
a frequency of one per shipping cooler.



